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PREFACE   TO  SECOND   EDITION. 


In  the  present  Edition  I  have  endeavoured  to  supply 
many  important  omissions,  especially  as  regards 
•'Sound,"  which  had  been  before  entirely  neglected, 
and  to  which  a  new  chapter  (XXX.)  is  now  devoted. 
I  have  also  added  some  new  matter  in  the  thirty- 
eighth  chapter  upon  the  Botany  of  the  Nineteenth 
Century,  though  I  regret  that  even  now  the  account 
of  the  progress  of  Biology  is  necessarily  very  imper- 
fect owing  to  the  small  space  which  could  be  allotted 
to  it  Lastly,  besides  many  minor  additions,  I  have 
given,  in  a  new  concluding  chapter,  a  brief  sketch 
of  some  of  the  latest  advances  in  Science. 

I  wish  to  acknowledge  gratefully  many  usefuj 
suggestions  and  corrections  given  by  my  critics,  and 
also  the  assistance  rendered  me  by  those  eminent 
scientific  men  who  have  been  so  good  as  to  read  the 
proof-sheets  referring  to  their  special  subjects.  The 
work  will,  I  trust,  be  now  free  from  important  errors ; 
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and,  as  I  have  also  taken  special  care  to  amend 
ambiguities  of  language  and  other  small  blemishes 
which  have  been  pointed  out,  or  which  have  been 
discovered  by  a  careful  revision,  I  venture  to  hope 
that  this  Second  Edition  will  fully  justify  the  kind 
reception  accorded  to  the  book  when  it  first  appeared. 


London,  October  1879. 
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PREFACE  TO  FIRST   EDITION. 


It  is  not  without  some  anxiety  that  I  offer  this  little  work 
to  the  public,  for  it  is,  I  believe,  the  first  attempt  which  has 
been  made  to  treat  the  difficult  subject  of  the  History  of 
Science  in  a  short  and  simple  way/ 

Its  object  is  to  place  before  young  and  unscientific 
people  those  main  discoveries  of  science  which  ought  to  be 
known  by  every  educated  person,  and  at  the  same  time  to 
impkart  a  living  interest  to  the  whole,  by  associating  with  each 
step  in  advance  some  history  of  the  men  who  made  it 

During  the  many  years  that  I  enjoyed  the  privilege  of 
acting  as  secretary  to  the  late  Sir  Charles  Lyell,  and  was 
thus  brought  in  contact  with  many  of  the  leading  scientific 
men  of  our  day,  I  often  felt  very  forcibly  how  many 
important  facts  and  generalisations  of  science,  which  are  of 
great  value  both  in  the  formation  of  character  and  in  giving 
a  true  estimate  of  life  and  its  conditions,  are  totally  un- 
known to  the  majority  of  otherwise  well-educated  persons. 

Great  efforts  are  now  being  made  to  meet  this  difficulty, 

*  Mr.  Baden  PowelPs  excellent  little  « History  of  Natural  Philo- 
sophy,' published  in  Lardner's  'Cyclopaedia*  in  1834,  is  scarcely 
intended  for  beginners,  and  does  not  extend  farther  than  the  seventeenth 
century.     This  is  the  only  work  of  the  kind  I  have  been  able  to  Hnd. 


PREFACE  TO  FIRST  EDITION. 


•  •  • 


»    4 


•    « 


by  teaching  children  a  few  elementary  facts  of  the  various 
branches  of  science;  but,  though  such  instruction  is  of 
immense  value,  something  more  is  required  in  order  that 
the  mind  may  be  prepared  to  follow  intelligently  the  great 
movement  of  modem  thought  The  leading  principles  of 
science  ought  in  some  measure  to  be  understood ;  and  these 
will,  I  believe,  be  most  easily  and  effectually  taught  by. 
showing  the  steps  by  which  each  science  has  attained  its 
present  importance. 

It  is  this  task  which  I  have  endeavoured  to  accomplish ; 
and  if  teachers  will  make  their  pupils  master  the  explana- 
tions given  in  these  pages  and,  wherever  it  is  possible,  try 
the  experiments  suggested,  I  venture  to  hope  that  this  little 
work  may  supply  that  modest  amount  of  scientific  informa- 
tion which  every  [one  ought  to  possess,  while,  at  the  same 
time,  it  will  form  a  useful  groundwork  for  those  who  wish 
afterwards  to  study  any  special  branch  of  science. 

The  plan  adopted  has  been  to  speak  of  discoveries  in 
their  historical  order,  and  to  endeavour  to  give  such  a 
description  of  each  as  can  be  understood  by  any  person  of 
/•  ordinary  intelligence.  This  has  made  it  necessary  to  select 
•  among  subjects  of  equal  importance  those  which  could  be 
dealt  with  in  plain  language,  and  to  avoid  passing  allusions 
to  such  as  did  not  admit  of  such  explanation. 

The  history  of  the  nineteenth  century  has  been  a  very 
difficult  and  I  fear  scarcely  a  successful  task;  for,  while 
those  who  know  an3rthing  of  the  subjects  mentioned  will 
feel  that  the  account  is  very  defective  owing  to  so  much 
being  left  out,  the  beginner  will  probably  find  it  difficult 
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owing  to  so  much  being  put  in.  The  reproach  on  both 
sides  would  be  just,  yet  it  seemed  better  to  give  even  a  few 
of  the  leading  discoveries  and  theories  of  our  own  time  than 
to  leave  the  student  with  such  crude  ideas  of  many  branches 
of  science  as  he  must  have  had  if  the  history  had  ended 
with  the  eighteenth  century. 

When  treating  of  such  varied  subjects,  many  of  them  pre- 
senting great  difficulties  both  as  regards  historical  and  scien- 
tific accuracy,  I  cannot  expect  to  have  succeeded  equally 
in  all,  and  must  trust  to  the  hope  of  a  future  edition  to 
correct  such  grave  errors  as  will  doubtless  be  pointed  out, 
in  spite  of  the  care  with  which  I  have  endeavoured  to  verify 
the  statements  made. 

As  the  size  of  the  book  makes  it  impossible  to  give  the 
numerous  references  which  would  occur  on  every  page,  1 
have  named  at  the  end  of  each  chapter  a  few  of  the  works 
consulted  in  its  preparation,  choosing  always  in  preference 
those  which  will  be  useful  to  the  reader  if  he  cares  to  refer 
to  them.  I  had  also  prepared  questions  on  the  work ;  but 
those  competent  to  give  an  opinion,  tell  me  that  teachers 
in  these  days  prefer  to  prepare  their  own  lessona  I  have 
therefore  substituted,  at  p.  481,  a  chronological  table  of  the 
various  sciences,  by  means  of  which  questions  can  be 
framed,  either  upon  the  discoveries  of  any  given  period,  or 
on  the  progressive  advance,  through  several  centuries,  of 
any  of  the  five  main  divisions  of  science  which  are  dealt 
with  in  this  volume. 

In  conclusion,  I  wish  to  acknowledge  my  obligations  to 
many  kind  friends,  and  especially  to  Mr.  A.  R.  Wallace 
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and  Mr.  J.  C.  Moore,  F.R.S.,  who  have  rendered  me  very 
material  and  valuable  assistance.  I  am  also  much  indebted 
to  the  Rev.  R.  M.  Luckock,  of  the  Godolphin  Grammar 
School,  who  read  the  whole  work  in  manuscript,  with  a  view 
to  pointing  out  any  portions  which  might  be  unintelligible 
to  schoolboys. 


London,  December  1875. 


To  the  Binder, 
The  Coloured  Plate  of  Spectra  to  face  p.  330. 
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INTRODUCTION. 

As  this  little  work  is  to  be  a  history  of  Natural  Science, 
it  will  be  as  well  to  begin  by  trying  to  understand  what 
Science  is. 

The  word  itself  comes  from  scio^  I  know,  and  means 
simply  knowledge.  The  science  of  botany  is  therefore  the 
knowledge  of  plants ;  and  the  science  of  astronomy^  the  know- 
ledge of  the  heavenly  bodies. 

But  now  comes  the  question,  What  kind  of  knowledge 
is  required  ?  You  might  be  able  to  tell  the  names  of  all 
the  plants  in  the  world,  and  of  all  the  stars  in  the  sky,  and 
yet  have  scarcely  any  real  knowledge  of  botany  or  astronomy. 
You  will  easily  understand  this  if  we  compare  it  with  some- 
thing you  meet  with  in  daily  life.  Suppose  I  took  you  into 
a  large  school  and  told  you  the  names  of  all  the  children 
there ;  even  if  you  learnt  these  names  by  heart,  you  could 
not  say  you  knew  the  children,  or  anything  about  them, 
beyond  their  names.  One  might  be  ill-tempered,  another 
good-tempered ;  one  might  have  a  home  and  a  father  and 
mother,  another  might  be  an  orphan  and  homeless,  and 
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you  would  find  their  mere  names  of  no  use  to  you  if  you 
wished  to  choose  one  of  them  to  do  any  work,  or  to  be 
your  friend  and  companion.  For  this  you  would  want  to 
leam  their  character,  their  habits,  and  other  real  facts  about 
them. 

Now  this  last  is  just  the  kind  of  knowledge  which  is 
required  in  science.  If,  besides  the  name  of  a  plant,  you 
know  its  different  parts,  the  shape  of  its  leaves,  the  number 
of  its  seeds,  and  how  they  are  arranged  in  the  seed-vessel, 
the  number  of  stamens  or  thread-like  bodies  in  the  middle 
of  the  flower,  the  number  and  colour  of  its  petals  or  flower- 
leaves,  and  many  other  points  like  these,  then  you  know 
something  of  structural  botany.  If  you  know,  besides,  how 
a  plant  takes  up  food,  how  it  breathes,  and  how  the  sun- 
light acts  upon  the  leaves  and  alters  the  juices  of  the  plant, 
then  you  know  something  of  the  life  of  the  plant,  or 
physiological  botany.  If  you  know  where  the  plant  grows 
best,  in  what  soil,  in  what  climate,  and  in  what  countries, 
then  you  know  something  of  geographical  botany ;  and  if 
your  knowledge  is  accurate  and  carefully  leamt  it  is  real 
science. 

By  this  you  will  see  that  science  means  not  merely 
knowledge,  but  an  accurate  and  clear  knowledge  about  the 
things  which  we  see  around  us  in  the  universe.  In  the 
present  day,  people  are  beginning  to  teach  children  much 
more  on  these  subjects  than  they  did  forty  years  ago,  and 
€very  intelligent  boy  or  girl  probably  knows  that  Astronomy 
is  the  science  of  the  sun,  stars,  and  planets ;  Physia  and 
Mechanics^  the  sciences  which  teach  the  properties  of  bodies 
and  their  laws  of  motion;  Biology  the  science  of  life; 
Geology  the  science  of  the  earth,  teaching  us  how  the  dif- 
ferent rocks  have  been  formed ;  and  Chemistry  the  science 
which  treats  of  the  materials  of  which  all  substances  are 
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made,  and  shows  the  changes  which  take  place  when  two 
substances  act  upon  one  another  so  as  to  make  a  new  sub- 
stance. 

There  are  many  simple  books  written  now  to  explain 
these  sciences,  and  those  who  wish  can  read  these  books 
and  study  the  examples  and  experiments  given  in  them. 
They  tell  us  what  science  now  isy  and  the  explanations 
given  by  the  best  men  about  the  universe  in  which  we  live. 
But  they  do  not  tell  us  how  science  has  become  what  it  is, 
and  it  is  this  which  I  hope  to  tell  you  in  the  present  book. 

A  man  who  wishes  to  understand  a  steam-engine  can 
do  so  by  going  to  an  engineer  and  having  each  part  ex- 
plained to  him  \  but  if  he  wishes  to  know  the  history  of  the 
steam-engine  he  must  go  back  to  the  first  one  ever  made, 
and  study  each  new  improvement  as  it  arose.  And  so  if 
we  go  back  to  the  first  attempts  made  by  thoughtfiil  men 
to  understand  nature,  and  then  trace  up  step  by  step  the 
knowledge  gained  from  century  to  century,  we  shall  have  at 
least  a  more  intelligent  understanding  of  that  which  is 
taught  us  now.  But  if  we  have  any  true  love  of  knowledge 
we  shall  gain  far  more  than  this ;  for  in  studying  the  his- 
tory of  those  grand  and  patient  men  who  often  spent  their 
lives  and  made  great  sacrifices  to  understand  the  works  of 
God,  the  merest  child  must  feel  how  noble  it  is  to  long  and 
strive  after  truth. 

When  we  go  back  to  very  early  ages  we  do  not  find 
that  people  understood  much  of  what  we  now  call  science. 
So  long  as  men  were  chiefly  occupied  in  protecting  them- 
selves against  other  savage  men  and  wild  beasts,  and  had 
to  struggle  very  hard  to  get  food  and  clothing,  they  had 
very  little  time  or  wish  to  study  nature.  Still  they  learnt 
many  things  which  were  necessary  for  their  life.      They 
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learnt,  for  instance,  at  what  times  the  sun  rose  and  set,  for 
upon  this  their  day's  work  depended.  They  learnt  how 
often  the  moon  was  full,  so  that  they  could  see  their  way 
by  moonlight;  and  they  remarked  very  early  the  times 
when  spring,  summer,  autumn,  and  winter  came  round, 
because  the  sowing  of  their  seeds  and  the  gathering  of  their 
fruits  depended  upon  these  seasons. 

In  this  way  we  find  that  as  far  back  as  history  goes  men 
have  always  had  some  knowledge  of  the  facts  of  nature ; 
and  those  nations,  like  the  Egyptians  and  Chinese,  which 
long  ago  had  become  highly  civilised,  had  learnt  a  very 
great  deal,  and  must  probably  have  known  some  things  of 
which  we  are  still  ignorant 

There  has  been  a  great  deal  written  about  the  science 
of  the  Chinese,  Indians,  and  Egyptians,  but  I  shall  not  tell 
you  anything  about  them  here,  because  their  knowledge  has 
had  very  little  to  do  with  the  science  which  has  come  down 
to  us,  and  it  would  besides  be  difficult  to  give  you  any  real 
idea  of  what  they  knew  without  writing  a  book  on  the 
subject 

We  will  start,  therefore,  with  the  Greeks,  at  the  time 
when  they  first  began  to  try  and  explain  some  of  the 
natural  events  which  they  saw  taking  place  every  day. 
This  was  about  the  year  700  b.c.,  when  Thales,  one  of  the 
seven  wise  men,  was  living,  and  you  will  see  in  the  next 
chapter  that  even  at  this  time,  when  Greece  was  famous  for 
its  learning,  the  people  had  still  some  very  strange  ideas 
about  the  working  of  the  universe. 
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B.C. 
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Anaximander 

.     610. 

^'  Pythagoras     . 

.     500. 

w-  Anaxagoras   . 

.     499. 

Democritus    . 
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Hippocrates  . 
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^Aristotle 
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Theophrastus 
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Aristarchus    . 
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.     287. 
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? 
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Eratosthenes 

276. 

Hipparchus    . 
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50  to  A.  I). 
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•                             • 

100. 

Galen    . 

•                             • 

131. 

narance  of  the  Greeki  concerning  Nalure — Ionian  School  of  Learn- 
ing— Thales — Anaximander — Pythagoras— True  Sayings  of  PytEia- 
gons  and  his  Followers  about  Geology. 

About  600  years  before  Christ  was  bom,  the  Greeks  were 
the  most  learned  people  in  Europe.  They  were  naturally 
a  handsome  and  clever  race,  and  their  young  men  were 
trained  to  be  both  good  soldiere  and  good  scholare.  An 
English  boy,  if  he  could  be  catried  back  to  those  days, 
would  find  that  the  young  Greeks  could  read,  write,  draw, 
arul  argue  as  well  as  himself,  and  probably  that  they  could 
leap,  wresde,  and  run  better  than  himself  or  any  of  his 
ficlioolfcllows. 

But  on  some-  jxiints  he  would  find  that  their  ideas  were 

»e3y  strange.     If  he  spoke  to  them  of  the  world  as  a  round 

^obe  they  would  stare  in  astonishment,  and  tell  him  that 

'  nich  an  idea  was  absurd,  for  everyone  knew  that  the  world 

ras  flat,  with  the  sea  flowing  all  round  it     If  he  asked  them, 

U  his  turn,  about  Mount  Etna,  they  would  surprise  him  by 

rplying  that  the  god  Vulcan  had  his  smithy  underneath  the 

biounlain,  where  he  was  forging  thunderbolts  for  Jove,  and 

t  Etna  was  the  chimney  of  his  forge.     But  if  he  spoke  of 

e  son  as  a  globe  of  light,  they  would  turn  away  from  him 

n  horror  as  a  wicked  unbeliever  in  the  gods,  for  who  among 

e  Greeks  did  not  know  that  the  sun  wa.'i  the  god  Helios, 
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who  drove  his  chariot  every  day  across  the  sky  from  east  to 
west  ?  In  fact,  the  Greeks,  though  learned  and  brave,  were 
quite  ignorant  of  what  we  now  call  '  natural  knowledge  ;' 
they  did  not  know  that  the  rising  and  setting  of  the  sun, 
and  the  eruption  of  a  volcano,  are  things  which  happen  from 
natiual  causes ;  but  everything  which  was  not  done  by  man, 
they  thought  was  the  work  of  invisible  beings  or  gods. 

It  was  not  long,  however,  before  some  wise  men  b^;an 
to  think  more  deeply  about  these  things.  You  will  have 
read  in  Grecian  history  how  the  Greeks,  after  the  taking  of 
Troy,  crossed  over  the  Hellespont  and  founded  colonies  on 
the  coast  of  Asia  Minor ;  one  of  the  largest  of  these  colonies 
was  called  Ionia,  and  the  lonians  became  famous  for  their 
learning  and  wisdom. 

ThaleSy  640  RC — Here  Thales,  one  of  the  seven  wise 
men  of  Greece,  was  born  at  Miletus,  about  640  b.c.  Thales 
travelled  in  Egypt,  and  learned  many  things  from  the 
Egyptians,  and  then  returned  to  his  own  land  and  founded 
a  school  of  learning.  He  was  the  first  Greek  who  studied 
astronomy,  and  although,  like  his  countrymen,  he  believed 
that  the  earth  was  flat  and  floated  on  the  water,  yet  he  made 
several  great  discoveries. 

The  Greeks  had  always  divided  their  year  into  two  parts 
only,  summer  and  winter,  but  Thales  discovered  that  there 
are  four  distinct  divisions  marked  out  by  the  sun.  He 
noticed  that  in  the  middle  of  winter  the  sun,  instead  of 
passing  overhead,  reached  at  mid-day  only  a  certain  low 
point  in  the  heavens,  and  then  began  to  set  again,  so  that 
the  day  was  short  and  the  night  long.  This  went  on  for  a 
few  days,  and  because  the  sun  stood  at  the  same  height 
every  day,  the  name  of  winter  solstice^  or  sun-standing,  was 
afterwards  given  to  these  days  in  the  middle  of  winter. 
Afterwards  the  sun  began  to  rise  a  very  little  higher  every 
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day,  till  in  three  months,  when  winter  had  passed  away  and 
the  plants  and  trees  began  to  bud,  ihe  sun  took  exactly 
twelve  houis  to  pass  across  the  sky  from  sunrise  to  sunset, 
so  then  the  day  was  twelve  hours  long,  anil  the  night  also 
twelve  hours  ;  this  was  called  the  spring  (i/iu'-nox,  or  equal 
night,  meaning  that  the  day  and  niglit  were  of  equal  length. 
After  this  the  sun  still  rose  higher  every  day,  and  in  three 
months  more  stood  for  some  days  nearly  overhead  at  mid- 
day, thus  making  a  long  journey  from  sunrise  to  sunset,  and 
causing  the  day  to  be  long  and  the  night  short.  This  was 
the  summer  w/j/ZiTf.  Then  the  sun  began  to  rise  less  high 
every  day,  and  in  another  three  months  there  was  again 
equal  day  and  equal  night — the  autumn  f^wwjc had  arrived. 
Finally,  in  another  three  months,  the  shortest  day  came 
round  again,  and  the  whole  round  began  afresh.  This  was 
how  Thales  marked  out  the  solstices  and  the  equinoxes  ;  we 
still  call  them  by  the  same  name  as  he  did,  and  you  may 
watch  these  changes  of  the  sun  in  the  sky  for  yourself. 

Thaies  knew  that  the  sun  and  stars  were  not  gods,  and 
thought  they  were  made  of  some  fiery  substance ;  he  knew, 
also,  that  the  moon  receives  its  light  from  the  sun  and  reflects 
it  like  a  looking-glass.  He  was  very  learned  in  mathematics, 
and  framed  several  propositions  now  found  in  the '  Elements 
of  Euclid.'  He  is  also  s&id  to  have  foretold  an  eclipse,  but 
this  is  probably  not  true,  as  it  requires  more  knowledge  than 
he  is  likely  to  have  had, 

Anaxunander  of  Miletus,  610  KC.,  the  friend  of 
Thales,  was  the  next  Greek  who  made  important  dis' 
coveries  in  science.  He  invented  a  sun-dial,  by  making  a 
flat  metal  plate  with  the  hours  of  the  day  marked  upon  it  in 
a  certain  order,  so  that  a  large  pin,  or  style  as  it  is  called, 
standing  in  the  middle  of  the  plate,  cast  a  shadow  on  the 

It   hour  whenever  the  sun   shone  upon  it      You  can 
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understand  that  as  the  sun  is  low  dovm  in  the  morning,  and 
gradually  passes  overhead  during  the  day,  it  will  cause  the 
pin  to  throw  its  shadow  in  different  directions  at  different 
hours. 

In  this  way  Anaximander  taught  the  Greeks  to  measure 
the  time  of  day.  He  is  also  said  to  have  been  the  first  as- 
tronomer who  understood  why  we  see  the  bright  face  of  the 
moon  growing  from  a  crescent  to  a  full  moon  and  then  di- 
minishing again.  To  know  this  he  must  also  have  known 
that  the  moon  moves  round  the  earth  every  month.  You 
can  imitate  the  changes  of  the  moon  if  you  take  a  round 
stone  and  hold  it  just  above  your  head  between  you  and 
the  sun ;  you  will  then  have  its  shady  side  towards  you ; 
pass  it  slowly  round  your  head,  you  will  find  that  you  see 
first  a  bright  edge  appearing,  then  more  and  more  of  the 
bright  side,  till  when  the  stone  is  on  one  side  of  your  head 
and  the  sun  the  other,  you  will  see  the  whole  of  one  side 
of  the  stone  reflecting  the  sun's  light — this  is  a  full  moon. 
Pass  it  on  slowly  round,  and  you  will  see  this  bright  side 
disappear  gradually  till  you  bring  it  back  to  its  old  position 
between  you  and  the  sun,  when  it  will  be  again  dark.  This 
is  what  the  moon  does  every  month,  producing  what  are 
called  the  phases  of  the  moon,  Anaximander  also  made  a 
map  of  the  world,  or  at  least  of  as  much  of  it  as  was  known 
in  his  time. 

Pythagoras,  one  of  the  most  celebrated  of  the  learned 
men  of  Greece,  is  the  next  who  told  us  anything  about 
science.  The  time  and  place  of  his  birth  are  uncertain, 
but  he  lived  between  566  and  470  rc.  He  travelled  in 
Egypt,  and  learnt  much  there,  and  afterwards  settled  at 
Tarentum,  in  Italy,  where  he  founded  the  famous  sect  ot 
the  Pythagoreans.  You  will  read  of  the  opinions  of  Pytha- 
goras in  books  of  philosophy,  but  we  are  only  concerned 
with  what  he  taught  about  nature. 
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He  was  the  first  to  assert  that  the  earth  is  not  fixed,  but 
moves  in  the  heavens ;  but  he  did  not  know  that  it  moves 
round  the  sun.  He  also  discovered  that  the  evening  and 
morning  star  are  the  same  planet ;  the  early  Greeks  called 
this  planet  Phosphorus,  and  it  did  not  receive  the  name  of 
Venus  till  some  time  afterwards. 

Some  of  the  most  remarkable  truths  taught  by  Pytha- 
goras were  about  geology^  or  the  study  of  the  earth.  He 
noticed  that  seashells  were  sometimes  to  be  found  far  inland 
imbedded  in  solid  ground  in  a  way  that  showed  they  were 
not  brought  there  by  man.  Therefore,  he  argued  that  to 
bury  5Ai-shells  in  the  rocks,  the  sea  must  once  have  been 
there.  He  had  also  probably  watched  the  sea  eating  away 
the  cliffs  on  the  shores  of  Italy,  as  you  may  see  it  doing 
now  on  the  shores  of  Norfolk  and  Suffolk ;  and  when  he 
was  in  £g3rpt  he  must  have  seen  the  Nile  carrying  mud  and 
laying  it  down  at  its  mouth,  or  delta,  to  form  new  land. 
From  all  these  and  other  observations  he,  and  his  pupils 
who  followed  him,  drew  some  very  true  conclusions  which 
are  given  in  Ovid's  Metamorphoses  :— 

1.  Solid  land  has  been  converted  into  sea. 

2.  Sea  has  been  changed  into  land.  Marine  shells  lie 
Szx  distant  from  the  deep. 

3.  Valleys  have  been  excavated  by  running  water,  and 
floods  have  washed  down  hills  into  the  sea. 

4.  Islands  have  been  joined  to  the  mainland  by  the 
growth  of  deltas  and  new  deposits,  as  in  the  case  of  Antissa 
joined  to  Lesbos,  Pharos  to  Egypt,  etc 

5.  Peninsulas  have  been  divided  from  the  mainland  and 
have  become  islands,  as  Leucadia :  and  according  to  tradi- 
tion Sicily,  the  sea  having  carried  away  the  isthmus. 

6.  Land  has  been  submerged  by  earthquakes;  the 
Grecian  cities  of  Helice  and  Buns,  for  example,  are  to  be 
seen  under  the  sea,  with  their  walls  inclined. 
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7.  There  are  streams  which  have  a  petrifying  power,  and 
convert  the  substances  which  they  touch  into  marble. 

8.  Volcanic  vents  shift  their  position ;  there  was  a  time 
when  Etna  was  not  a  burning  mountain,  and  the  time  will 
come  when  it  will  cease  to  bum. 

These,  and  other  sentences  of  the  same  kind,  show  how 
carefully  Pythagoras  and  his  followers  must  have  observed 
nature,  for  the  changes  that  are  going  on  upon  the  earth 
take  place  so  very  slowly  that  it  is  only  by  very  careful 
comparison  that  we  can  prove  they  are  happening  at  alL 
Pythagoras  was  the  first  man  who  was  called  a  philosopher^ 
or  lover  of  wisdom.  He  made  many  discoveries  about 
musical  notes,  and  the  manner  in  which  the  different 
musical  intervals  can  be  produced  on  a  stretched  string. 
He  was  the  inventor  of  a  very  simple  but  useful  instrument 
called  the  tnonochord^  which  consists  of  a  sounding  board 
and  box  on  which  a  single  string  is  stretched,  and  having 
a  small  loose  piece  of  wood,  called  a  bridge,  which  is  placed 
under  the  wire  to  divide  it  into  segments.  Pythagoras 
found  that  when  he  placed  this  bridge  so  as  to  divide  the 
wire  into  two  parts,  of  which  one  was  twice  as  long  as  the 
other,  and  then  struck  each  part,  the  shorter  length  gave  a 
note  exactly  an  octave  higher  than  the  longer  one.  If,  how- 
ever, he  divided  the  string  so  that  the  two-fifths  were  on 
one  side  and  three-fiflhs  on  the  other,  then  the  notes  were 
separated  by  an  interval  of  a  fifth.  In  this  way,  by  marking 
a  scale  of  divisions  on  the  sounding  board,  the  Greek 
musicians  were  able  to  produce  a  whole  series  of  musical 
notes  on  one  string. 
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CHAPTER    II. 

499  TO  322  B.C. 
Anaxagoras — Hippocrates — Eudoxus — Democritus — Aristotle. 


>ra8,  who  was  the  next  great  teacher  after  Pytha- 
gorasy  was  bom  in  Ionia  about  499  ac,  but  he  went  when 
quite  young  to  Athens.  He  loved  to  study  nature  for  its 
own  sake,  and  was  once  heard  to  say  that  he  was  bom  to 
contemplate  the  sun,  moon,  and  heavens.  Although  there 
were  no  telescopes  in  those  days,  he  managed  to  observe 
that  there  were  mountains,  plains,  and  valleys  in  the  moon. 
He  believed  it  to  be  a  second  earth,  perhaps  with  living 
beings  in  it  He  did  not  know,  as  we  do  now,  that  the 
moon  has  no  atmosphere  round  it,  such  as  living  beings 
like  ourselves  require  in  order  to  breathe.  He  discovered 
that  an  eclipse  of  the  sun  is  caused  by  the  moon  coming 
directly  between  the  earth  and  the  sun,  and  an  eclipse  of 
the  moon  by  the  earth  coming  between  the  moon  and  the 
sun.  When  the  moon  comes  exactly  between  our  earth 
and  the  sun,  we  see  the  moon's  dark  body  pass  over  the 
sun,  so  as  to  eclipse  or  shut  it  out ;  and  when  our  earth 
comes  exactly  between  the  moon  and  the  sun  we  cut  off  the 
sun's  light  from  the  moon,  and  see  our  own  shadow  passing 
over  the  moon's  face,  and  thus  we  eclipse  the  moon. 

Anaxagoras  knew  that  the  planets  Jupiter,  Saturn,  Venus, 
Mars,  and  Mercury  move  in  the  heavens,  and  that  the  stars 
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do  not  move.  He  believed  that  all  the  heavenly  bodies 
were  fiery  stones;  the  sun  he  thought  was  a  huge  fieiy 
stone  as  big  as  the  Peloponnesus.  He  was  the  first 
scientific  man  who  was  persecuted  for  declaring  boldly 
what  he  believed  to  be  the  truth.  The  Greeks  were  very 
angry  with  him  for  teaching  that  the  sun  was  not  a  god ; 
so  he  was  tried  at  Athens,  when  quite  an  old  man,  and 
condemned  to  death.  His  friend  Pericles  pleaded  for  him, 
and  the  sentence  was  changed  to  a  fine  and  banishment, 
and  he  retired  to  Lampsacus,  where  he  went  on  teaching 
science  and  philosophy  till  his  death. 

Anaxagoras  was  the  first  Greek  philosopher  who  taught 
that  there  must  be  one  Great  Intelligence  ruling  over  the 
universe.  So  that  the  Greeks  punished  as  an  atheist  the 
man  who  first  taught  them  of  a  Supreme  God.  This 
example  should  teach  us  to  be  very  careful  how  we  con- 
demn the  opinions  of  others,  for  fear  that  we,  like  the 
Greeks,  should  think  another  wicked  only  because  his 
thoughts  are  nobler  than  we  can  understand. 

Hippocrates,  420  b.c. — ^While  Anaxagoras  was  study- 
v/  ing  the  heavens,  another  man,  bom  about  420  B.C.  in  the 
little  island  of  Cos,  was  studying  men,  and  how  to  make 
their  lives  healthier  and  happier.  Hippocrates,  the  Father 
of  Medicine,  belonged  to  a  family  of  doctors  and  priestSL 
The  Greeks  did  not  understand  that  illness  comes  to  us 
because  we  do  not  know  how  to  take  care  of  our  bodies. 
They  thought  that  every  illness  was  a  punishment  sent  be- 
cause one  of  their  gods  was  angry,  so  when  they  were  ill 
they  sent  a  present  to  the  temple  of  ^!)sculapius,  the  god  of 
medicine,  and  then  went  to  the  priests  of  ^sculapius  to 
cure  them.  The  ancestors  of  Hippocrates  were  all  priests 
of  iEsculapius,  but  he  separated  himself  from  the  priest- 
hood and  devoted  his  time  to  studying  the  human  body. 
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and  finding  out  the  causes  of  disease.  He  studied  the 
effect  that  heat  and  cold  have  upon  us,  and  taught  physi- 
cians to  pay  attention  to  the  kind  of  food  given  to  sick 
people,  and  especially  to  watch  carefully  in  sickness  for  the 
critical  point  when  the  fever  is  at  its  height  He  wrote 
many  learned  works  on  the  human  body,  and  you  should 
remember  his  name  as  the  Founder  of  the  science  of 
Medicine. 

Eudoxus,  406— DemooritoB,  460  &c — The  great 
astronomer  after  Anaxagoras  was  called  Eudoxus.  He  was 
bom  about  406  ac,  at  Cnidos,  in  Asia  Minor,  where  he 
had  an  observatory,  from  which  he  could  watch  the  heavens, 
and  by  this  means  he  made  a  map  of  all  the  stars  then 
known.  He  was  the  first  Greek  astronomer  who  explained 
how  the  planets  Jupiter,  etc,  moved  round  in  the  heavens, 
and  the  time  at  which  they  would  appear  again  exactly  in 
the  same  place  as  before.  The  great  philosopher  Demo- 
critus,  of  Abdera  (459  ac),  who  lived  about  the  same  time 
as  Eudoxus,  made  the  remarkable  guess  that  the  beautiful 
bright  band  called  the  '  Milky  Way,'  which  stretches  every 
evening  right  across  the  sky,  is  composed  of  millions  of 
stars  scattered  like  dust  over  the  heavens. 

Aristotley  884  ac,  one  of  the  most  famous  philo- 
sophers of  Greece,  was  also  a  great  student  of  nature.  He 
was  bom  at  Stagira,  in  Thrace,  384  B.a,  but  studied  at 
Athens  under  Plato,  and  afterwards  became  the  tutor  of 
Alexander  the  Great  Aristotle  did  much  for  astronomy, 
by  collecting  and  comparing  the  discoveries  of  the  astro- 
nomers who  came  before  him.  He  is  the  first  of  the  Greek 
writers  who  states  very  decidedly  that  the  earth  must  be  a 
round  globe,  and  he  observed  an  eclipse  (or  occultation 
as  it  is  termed  by  astronomers)  of  the  planet  Mars  by  the 
moon. 
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But  the  best  scientific  work  of  Aristotle  was  his  study  of 
animals.  He  persuaded  Alexander  the  Great,  who  governed 
Greece  at  that  time,  to  employ  several  thousand  people  to 
collect  specimens  of  animals  in  all  parts  of  Europe  and  Asia, 
and  to  send  them  to  Athens.  Here  Aristotle  examined 
them  and  arranged  them  under  different  classes  according 
to  their  organs^  or  different  parts  of  their  body,  and  the 
manner  in  which  they  used  them.  Many  of  Aristotle's 
divisions  of  the  animal  kingdom  are  still  in  use,  and  he  may 
fairly  be  called  the  Founder  of  Zoology.  He  pointed  out 
that  we  can  trace  an  unbroken  chain  from  the  lowest  plant 
up  to  the  highest  animal,  each  group  being  only  divided 
from  the  next  by  very  slight  differences ;  nor  can  we  tell,  he 
said,  where  plants  end  and  animals  begin,  for  there  are  some 
forms  which  are  so  like  both  plants  and  animals  that  we 
cannot  decide  in  which  division  to  place  them. 

He  also  pointed  out  that  the  life  in  plants  is  much 
lower  than  in  most  animals ;  for  if  you  cut  a  plant  into 
pieces,  the  separate  pieces  will  often  grow,  showing  that 
the  parts  of  a  plant  are  simple  and  do  not  depend  very 
closely  upon  each  other.  But  any  one  of  the  higher 
animals  is  a  most  complicated  piece  of  machinery.  If  you 
hurt  or  destroy  any  of  the  most  important  parts  the  whole 
body  dies,  and  if  you  cut  off  any  part  whatever,  that  part 
dies  as  soon  as  it  is  separated  from  the  rest.  These  and 
many  other  interesting  facts  about  animals  are  to  be  found 
in  Aristotle's  great  work  on  Natural  History,  which,  how- 
ever, you  must  remember,  was  only  one  out  of  many  philo- 
sophical works  Avritten  by  him. 

TheophraBtoB,  371  b.c. — Among  the  pupils  of  Aristotle 
was  a  man  named  Theophrastus,  who  was  bom  at  Eresus, 
371  B.C.  Theophrastus  devoted  himself  chiefly  to  the 
study  of  plants,  and  is  the  first  botanist  whose  name  has 
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been  handed  down  to  us.  The  Greeks  understood  very 
little  about  plants  except  those  which  they  used  for  medi- 
cine ;  but  Theophrastus  described  no  less  than  500  differ- 
ent kinds  of  plants,  and  divided  them  into  trees,  herbs,  and 
shrubs. 
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CHAPTER    III. 

320  to  212  B.C. 

School  of  Science  at  Alexandria — The  Ecliptic  and  the  !Zodiac — 
Aristarchus — Euclid — Archimedes. 

While  Aristotle  was  studying  science  at  Athens,  the  Greeks 
under  Alexander  the  Great  were  making  great  conquests  in 
Egypt,  where  Alexander  founded  a  city  bearing  his  own 
name  on  the  shores  of  the  Mediterranean,  After  Alex- 
ander's death  this  city,  called  Alexandria,  fell  to  the  portion 
of  Ptolemy  Lagus,  one  of  Alexander's  generals,  who  was 
succeeded  by  a  number  of  princes  of  the  same  name.  The 
Ptolemies  were  all  patrons  of  learning  and  science,  and  the 
school  of  Alexandria  became  one  of  the  most  famous  the 
world  has  ever  known.  By  this  time  the  Greeks  had  learnt 
many  astronomical  facts,  some  of  them  probably  from  the 
Egyptians.  They  had  traced  the  ecliptic^  or  the  sun's  appar- 
ent yearly  path  through  the  heavens,  and,  dividing  this  path 
into  twelve  parts,  they  called  each  division  by  the  name  of 
a  constellation  or  cluster  of  stars.  These  constellations  re- 
ceived most  of  them  the  names  of  animals,  and  therefore 
the  circle  of  the  twelve  constellations  was  called  the  Zodiac^ 
or  circle  of  animals.  The  names  of  the  twelve  signs  are : 
I.  Arits^  the  Ram ;  2.  Taurus^  the  Bull ;  3.  Gemini^  the 
Twins ;  4.  Cancer^  the  Crab ;  5.  Z^,  the  Lion ;  6.  Virgp^ 
the  Virgin ;  7.  Libra^  the  Balance ;  8.  Scorpio^  the  Scorpion; 


9-   X/^V/ar/W,  the  Archer;  lo,    Capricornus,  \he  Gosi  ;  ii. 
Aquarius,  the  Water-bearer ;    1 2.  Pisces,  the  Fishes. 

It  was  by  no  means  an  easy  thing  to  trace  the  sun's  path 
among  the  stars,  because  the  sun  and  the  stars  are  never  in 
sight  at  the  same  time,  so  astronomers  were  obhged  to  notice 
the  constellations  as  they  appeared  close  to  the  sun  after 
he  sank  at  night  or  before  he  rose  in  the  morning.  These, 
they  found,  varied  a  little  each  night,  tilt  when  a  whole 
year  had  passed  away,  each  of  the  twelve  signs  had  been 
in  turn  close  to  the  sun,  and  the  round  began  again.  Thus 
they  learned  that  the  sun  passed  over  each  of  the  twelve 
signs  in  the  course  of  the  year ;  and  they  thought  from  this 
that  the  sun  travelled  round  the  sky  while  the  earth  stood 
still  in  the  middle-  We  know  now  that  it  is  the  sun  which 
stands  still  in  the  middle  while  the  earth  moves  round,  and 
ia  worth  while  to  make  an  experiment  to  see  how  the 
■ks  were  deceived, 

reive  chairs  round  in  a  drcle  to  represent  the 
signs  of  the  Zodiac,  and  put  yourself  in  the  middle  for  a 
person  standing  on  the  earth.  Then  swing  a  ball  round  you 
jiist  on  a  level  with  the  chairs.  You  will  see  that  the  ball 
ies  between  you  and  each  chair  as  it  makes  a  circle  round 
The  Greeks  believed  that  the  sun  moved  round  in 
way  between  us  and  the  stars.  But  now  to  represent 
what  really  takes  place,  change  places  with  the  ball.  Hang 
the  ball  (the  sun}  up  in  the  middle  just  on  a  level  with  the 
chairs,  and  walk  round  iL  Keep  your  eye  fixed  on  the  ball, 
you  will  see  it  will  pass  between  you  and  each  chair, 
as  it  did  before.  The  effect  is  the  same,  though  it  is 
who  are  moving  this  time  and  not  the  ball  Thus  the 
Greeks  nutde  the  same  mistake  which  a  chiltl  does  in  a  rail- 
way train  when  he  thinks  the  houses  and  trees  are  flying 
while  it  is  really  he  himself  who  is  moving. 


stand 
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AristarohuB. — ^There  was,  however,  one  Greek  astrono- 
mer named  Aristarchus,  who  discovered  the  real  movement 
as  we  know  it  now.  Aristarchus  was  bom  in  Samos,  some 
time  in  the  third  century  before  Christ,  but  he  came  to  Alex- 
andria, and  was  tutor  to  the  sons  of  one  of  the  Ptolemies. 
He  taught  that  the  sun  was  immovable  like  the  fixed  stars, 
and  that  it  was  the  earth  which  travelled  round  the  ecliptic. 
He  knew  also  that  our  earth  does  not  stand  quite  upright  in 
its  journey  round  the  sun,  but  that  a  line  drawn  through  the 
earth  from  the  north  to  the  south  pole  would  be  sloping  or 
oblique  to  the  ecliptic,  and  that  this  obliquity  is  the  cause  of 
our  four  seasons. 

If  you  do  not  understand  this  you  can  work  it  out  with 
your  ball,  using  a  lamp  to  represent  the  sua  First  draw  an 
ink-line  round  the  middle  of  your  ball  for  the  equator,  then 
put  your  finger  and  thumb  at  the  two  ends  of  the  ball  to 
represent  the  two  poles.  Do  not  hold  the  ball  upright,  but 
bring  your  thumb  nearer  to  you  than  your  finger.  A  line 
drawn  through  the  ball  from  your  finger  to  your  thumb  will 
now  be  inclined^  and  will  represent  the  inclined  axis  of  the 
earth.  Now  look  at  the  light  and  shade  on  the  ball :  the 
north  pole,  which  is  turned  towards  the  lamp,  will  be  in  full 
light,  and  will  have  the  long  days  of  summer ;  the  south 
pole  turned  towards  you  will  be  in  the  dark,  enduring  its 
long  winter  night  Pass  the  ball  on  to  your  right,  and  when 
you  have  gone  round  a  quarter  of  a  circle  the  poles  will 
both  have  equal  light,  and  the  southern  spring  and  northern 
autumn  have  arrived.  Pass  on  again,  and  at  the  next 
quarter  the  south  pole  will  be  in  summer  and  the  north  pole 
in  winter,  while  at  the  fourth  and  last  point  you  have  the 
northern  spring  and  the  southern  autumn.  This  was  what 
Aristarchus  discovered,  namely,  that  the  changing  seasons 
are  entirely  caused  by  the  earth  having  its  axis  (or  the  line 
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^H'fiom  pole  to  pole),  oblique  to  its  path  round  the  sun,  called 
^F  the  ecliptic.     This  is  called  the  obliquity  of  the  ecliptic. 

Aristarchus  appears  also  to  have  been  the.  first  Greek 
who  understood  that  day  and  night  are  caused  by  the  earth 
turning  round  on  its  axis  every  day.  If  the  Greeks  had 
understood  his  teaching,  especially  about  the  earth  moving 
round  the  sun,  they  would  have  made  much  more  progress 
in  astronomy.     But  no  one  believed  him,  and  more  than 

»l70o  years  passed  away  before  Copernicus,  of  whom  we 
dial!  speak  in  Chapter  IX.,  discovered  this  great  truth  over 
again.  This  Greek  theory  of  the  earth  moving  round  the 
sun  is  often  called  the  Pythagorean  iystem,  for  it  was 
thought  that  Pythagoras  taught  it  j  but  we  have  seen  that, 
though  Pythagoras  knew  that  the  earth  moves,  he  did  not 
^B  believe  that  it  went  round  the  sun. 

^B        Euclid,  800  ac — We  must  not  pass  through  the  third 
^Bcentury  before  Christ  without  mentioning  Euclid,  the  great 
^■■mathematician  and  geometer,  who  collected  together  the 
^^Bjvopositions  in  the  *  Elements  of  Euclid,'  known  to  every 
^^^ichoolboy.     He  was  bom  at  Alexandria  about  300  b.c. 
^^■His  works  are  too  difficult  for  us  to  examine,  and  the  only 
^^Bldiscovery  of  his  we  can  mention  is,  that  light  travels  in 
^^Fitiaight  lines  called  '  rays.'     Thus,  if  you  look  at  a  sun- 
beam shining  across  a  dusty  room,  you  can  see  the  light 
reflected  in  a  straight  line  along  the  particles  of  dust,  and  if 
you  let  simlight  through  a  hole  in  the  shutter  into  a  dark 
room,  it  will  light  up  a  spot  on  the  wall  or  floor  exactly 
opposite  to  the  sun ; — the  middle  of  the  sun,  the  middle  of 
the  hole  in  the  shutter,  and  the  middle  of  the  spot  of  light, 
will  all  be  in  a  straight  line. 

ArobimedeB,    387    b.c — Another    famous    geometer, 
Archimedes  of  Syracuse,  bom    287    b.c,  lived   about  the 
I  same    time  as  Euclid.       He    studied    for    many  years  at 
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Alexandria,  but  afterwards  returned  to  his  native  counti7. 
One  of  the  greatest  discoveries  made  by  Archimedes  was  that 
of  the  principle  of  the  lever.  If  you  place  a  boot  upright  on 
the  table  and  lay  a  light  ruler  or  flat  piece  of  wood  across 
it,  you  will  find  there  is  one  point  at  which  the  ruler  will 
balance.  When  you  have  balanced  it,  put  an  ounce  weight 
on  each  end  and  it  will  still  balance  at  the  same  point, 
which  is  called  the  fulcrum.  But  now  change  the  ounce 
at  one  end  for  a  weight  of  two  ounces ;  that  end  will  sink 
at  once,  and  to  make  it  balance  you  will  have  to  shift  the 
ruler  till  one  end  is  longer  than  the  other.  You  may  go 
on  doing  this  by  adding  more  weight  to  the  heavy  end  till 
that  end  is  quite  close  to  the  fulcrum  or  resting-point  of  the 
ruler,  and  still  the  light  weight  will  babnce  the  heavy  one. 

This  is  the  principle  of  the  lever,  and  it  is  of  great  use 
in  lifting  weights.  A  heavy  block  of  stone  which  no  set  of 
men  could  lift  by  taking  hold  of  it  may  be  easily  raised. by 
fastening  it  to  the  short  end  of  a  lever,  and  then  the  weight 
of  the  men  at  the  end  of  the  long  arm  will  balance  it,  as 
the  one-ounce  weight  balances  the  heavier  weights  at  the 
other.  Archimedes  was  so  delighted  when  he  made  this 
discovery  that  he  is  said  to  have  exclaimed :  '  Give  me  a 
place  on  which  to  stand,  and  1  will  raise  the  world.' 

Another  remarkable  discovery  made  by  Archimedes  con- 
cerns the  weight  of  bodies  immersed  in  water,  Hiero,  king 
of  Syracuse,  had  given  a  lump  of  gold  to  be  made  into  a. 
crown,  and  when  it  came  back  he  suspected  that  the  work- 
men had  kept  back  some  of  the  gold,  and  had  made  up  the 
weight  by  adding  more  than  the  right  quantity  of  silver ; 
but  he  had  no  means  of  proving  this,  because  they  had 
made  it  weigh  as  much  as  the  gold  which  had  been  sent. 
Archimedes,  puzzling  over  this  problem,  went  to  his  bath. 
As  he  stepped  in  he  saw  tlie  water,  which  his  body  dis- 
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placed,  rise  to  a  higher  level  in  the  bath,  and  to  the 
astonishment  of  his  servants  he  sprang  out  of  the  water 
and  ran  home  through  the  streets  of  Syracuse  almost  naked, 
crying  Eureka  !  Eureka  !  ('  I  have  found  it,  I  have  found 

it'). 

What  had  he  found  ?  He  had  discovered  that  any 
sohd  body  put  into  a  vessel  of  water  displaces  a  quantity 
of  water  ecjual  to  its  own  bulk,  and  therefore  that  equal 
weights  of  two  substances,  one  light  and  bulky,  and  the 
Other  heavy  and  small,  will  displace  different  quantities  of 
water.  This  discovery  enabled  him  to  solve  his  problem. 
He  procured  one  lump  of  gold  and  another  of  silver, 
each  weighirig  exactly  the  same  as  the  crown.  Of  course 
the  lumps  were  not  the  same  size,  because  silver  is  lighter 
than  gold,  and  so  it  takes  more  of  it  to  make  up  the 
■ame  weight  He  first  put  the  gold  into  a  basin  of  water, 
and  marked  on  the  side  of  the  vessel  the  height  to  which 
the  water  rose.  Next,  taking  out  the  gold,  he  put  in  the 
silver,  which,  though  it  weighed  the  same,  yet,  being  larger, 
made  the  water  rise  higher ;  and  this  height  he  also  marked. 
Lastly,  he  took  out  the  lump  of  silver  and  put  in  the  crown. 
Now,  if  the  crown  had  been  pure  gold,  the  water  would 
have  risen  only  up  to  the  mark  of  the  gold,  but  it  rose 
higher  and  stood  between  the  gold  and  silver  mark,  show- 
ing that  silver  had  been  mixed  with  it,  making  it  more 
bulky ;  and,  by  calculating  how  much  water  was  displaced, 
Archimedes  could  estimate  roughly  how  much  silver  had 
been  added.  This  was  the  first  attempt  to  measure  the 
$ptdfit  gravity  of  different  substances,  that  is,  the  weight  of 
luiy  particular  substance  compared  to  an  equal  bulk  of  some 
other  substance  taken  as  a  standard.  In  weighing  solids 
or  liquids  water  is  the  usual  standard. 

It  will  be  quite  sufficient  if  you  remember  the  experiment 
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as  I  have  explained  it ;  but  as  you  raay  perhaps  be  puzzled 
to  see  how  it  can  have  anything  to  do  with  weight,  it  will 
be  well  to  try  to  master  the  following  explanation  of  Fig;  i, 
which  shows  how  specific  gravity  is  measured.  You  must 
begin  by  remembering  that  the  crown,  the  gold  lump,  and 
the  silver  lump,  when  weighed  in  the  air,  will  all  pull  the 
marker  of  the  spring  balances  A,  b,  c,  down  to  19 ;  that  is, 


they  will  all  weigh  1 9  ounces.  But  when  they 
in  water  they  will  no  longer  weigh  the  same,  because  the 
water  round  them  buoys  them  up  just  as  much  as  it  would 
buoy  up  the  quantity  of  water  which  they  displace. 


k 
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Now,  the  gold  takes  the  place  of  as  much  water  as  would 
weigh  one  oume  if  you  could  take  it  out  and  weigh  it  in  the 
air.  So  it  is  buoyed  up  otie  outue  by  the  water  round  it, 
and  accordingly  you  see  it  only  pulis  the  marker  down  18 
ounces  instead  of  1 9.  But  the  silver,  although  it  weighs 
ibe  same,  is  larger,  and  takes  the  place  of  nearly  two  ounces 
of  water,  therefore  it  is  buoj'ed  up  nearly  two  ounces,  and 
only  pulls  the  marker  down  to  17.  Now,  as  the  crown 
weighs  the  same  as  either  of  the  two  lumps,  its  shape  is  of 
no  consequence ;  if  it  was  made  all  of  gold  it  would  take 
a&  much  room,  and  be  buoyed  up  as  much  as  the  gold.  If 
it  was  all  silver  it  would  be  buoyed  up  as  much  as  the  silver, 
and  therefore,  as  it  pulls  the  marker  down  half-way  between 
17  and  18  ounces,  it  must  be  half  gold  and  half  silver. 

In  this  way  Archimedes  showed  how  we  can  learn  the 
weight  of  any  solid  compared  to  an  equal  bulk  of  water, 
and  this  is  called  the  '  specific  gravity '  of  the  substance. 

He  also  invented  a  screw  for  pumping  up  water,  which 
still  called  the  'screw  of  Archimedes.' 

Archimedes  was  unfortunately  killed  in  the  city  of  Syra- 
cuse when  it  was  besieged  by  the  Romans  during  the  second 
Punic  war.  The  Roman  general  Marcellus  had  given 
special  orders  that  his  Ufe  should  be  spared ;  but  he  was  so 
deeply  engaged  in  solving  a  problem  that  he  heard  nothing 
of  the  din  of  war  around  him,  and  a  common  soldier  not 
being  able  to  get  any  answer  from  him,  killed  him  without 
ig  who  he  was. 
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CHAPTER  IV. 

280  TO  120  B.C. 

Erasistratus  and  Herophilus — Eratosthenes — Hipparchus — Precesdon 

of  the  Ex^uinoxes. 

ErasistratuB  and  HerophiliiB.— At  the  time  when  Archi- 
medes was  studying  in  Alexandria,  two  physicians  were 
teaching  there,  who  are  famous  in  the  history  of  anatomy^ 
or  the  structure  of  the  body.  The  one  was  Erasistratus 
and  the  other  Herophilus.  The  birthplaces  and  dates  of 
these  two  physicians  are  doubtful,  but  we  know  that  they 
were  the  first  men  who  dissected  the  human  body,  and  gave 
a  clear  account  of  its  parts.  Erasistratus,  in  particular, 
described  the  brain  and  its  curious  windings  or  convolutions, 
and  the  division  between  the  cerebrum  or  front  part  and 
the  cerebellum  or  hinder  and  lower  part.  He  seems  also 
to  have  known  that  it  is  by  means  of  our  brain  that  we  fed 
everything,  and  that  it  is  the  nerves  which  carry  messages 
from  different  parts  of  our  body  to  our  brain.  Herophilus 
traced  out  the  tendons  or  strong  cords  which  fasten  the 
muscles  to  the  bones ;  the  ligaments  or  fibrous  cords  which 
unite  one  bone  to  another ;  and  the  nerves.  He  was  the 
first  physician  who  pointed  out  that  in  feeling  a  pulse  you 
must  notice  three  things  :  ist,  how  strongly  it  throbs;  2d, 
how  quickly ;  3d,  whether  the  beats  are  regular  or  insular. 
Many  of  the  names  which  Erasistratus  and  Herophilus  gave 


CH,  IV.   ERATOSTHENES — PARALLEL  OF  LATITUDE.  27 

to  parts  of  the  body  are  still  used  by  anatomists,  and  the 
school  of  medicine  founded  by  them  in  Alexandria  was 
renowned  for  more  than  six  hundred  years. 

Eratosthenes,  276  b.c — We  must  now  turn  to  the 
science  of  geography,  which  at  this  time  began  first  really 
to  be  studied  by  a  Greek  named  Eratosthenes,  bom  at 
Cyrene  376  B.C.  Like  all  men  of  science  of  that  day,  he 
too  came  to  Alexandria,  where  the  king,  Ptolemy  Euergetes, 
made  him  keeper  of  the  Royal  Library.  He  made  a  map 
of  all  the  world  that  was  then  known,  and  described  the 
countries  of  Europe,  Asia,  and  Libya ;  but  he  is  chiefly 
lamous  for  having  laid  do^vn  the  first  parallel  of  latitude,  and 
trying  to  measure  the  circumference  of  the  earth.  He  laid 
down  the  parallel  of  latitude  in  the  following  manner.  He 
knew  that  at  all  places  on  the  equator  the  day  was  exactly 
the  same  length  all  the  year  round,  and  that  the  length  of 
the  days  and  nights  varied  more  and  more  as  you  went 
northwards;  therefore  he  reasoned  that,  if  he  could  draw  a 
line  east  and  west  through  a  number  of  places  whose  longest 
day  was  exactly  the  same  length,  those  places  would  all  be 
at  the  same  distance  from  the  equator.  He  began  at  the 
Straits  of  Gibraltar,  where  the  longest  day  was  exactly  14^ 
hours,  and  then  obsen'ing  all  those  places  whose  longest  day 
was  also  14!  hours,  he  drew  a  line  through  the  south  coast 
of  Sicily,  across  the  south  of  the  Peloponnesus,  the  island  of 
Rhodes,  the  bay  of  Issus,and  across  the  Euphrates  and  Tigris, 
out  to  the  mountains  of  India.  If  you  follow  this  line  on 
a  map  you  will  find  it  is  the  36th  parallel  of  north  latitude, 
and  that  Eratosthenes'  observation  was  perfectly  correct. 

This  discovery  led  him  on  to  try  and  measure  the  cir- 
cumference of  the  earth.  Having  found  a  line  straight 
round  the  earth  from  east  to  west,  he  knew  that  if  he  drew 
t  right  angles  to  it,  that  is  exactly  north  and  south, 
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he  should  have  a  line  which  would  describe  a  circle  round 
the  earth  from  pole  to  pole,  as  the  equator  marks  a  circle 
round  the  earth  midway  between  the  two  poles.  This 
second  line  he  drew  from  Alexandria,  and  it  passed  right 
through  Syene,  now  called  Assouan,  one  of  the  southern 
cities  of  Egypt ;  and  thus  he  knew  that  Alexandria  and 
Syene  were  on  the  same  meridian  of  longitude. 

Now  he  found  that  at  Syene  the  sun  was  exactly  over- 
head at  mid-day,  at  the  time  of  the  summer  solstice.  He- 
knew  this  by  means  of  a  gnomon,  or  upright  pillar  (b.  Fig,  a), 
which  was  used  by  the  Greeks  to  measure  the  height  of  the 
sun  in  the  sky.  At  Syene  this  pillar  cast  no  shadow  at  noon 
of  the  summer  solstice,  proving  that  the  sun  shone  str^ght 
down  upon  the  top  of  it ;  and  this  was  further  proved  \sjf 
the  sun  shining  down  to  the  bottom  of  a  deep  well,  whi(^ 
it  would  not  do  unless  it  were  directly  overhead.  But  at 
Alexandria  the  gnomon  did  cast  a  shadow,  because,  al 
Alexandria  was  farther  north  and  the  earth  is  round,  ihe 
sun  there  was  not  directly  overhead.  Now,  as  light  traveli 
in  straight  lines  (see  p.  ai),  a  line  drawn  from  the  extrem* 
point  of  the  shadow  cast  by  the  pillar  or  gnomon  up  to  thd 
top  of  the  pillar  itself  would,  if  carried  on,  run  straight  into 
the  sun,  and  thus  the  angle  between  this  line  and  the  pilla] 
showed  at  what  angle  the  sun's  rays  were  falling  at  Alap 
andria.  By  measuring  this  angle,  Eratosthenes  found  thai 
Alexandria  was  ^th  of  the  whole  circumference  of  the  eaitb 
north  of  Syene,  where  the  rays  were  perpendicular. 

You  can  form  an  idea  of  this  from  the  accompttnyii^ 
diagram,  Fig.  2.  Let  the  large  circle  represent  the  earth] 
B  ihe  gnomon  at  Syene,  and  a  the  gnomon  at  Alexandria. 
The  length  of  the  shadow  c  d  of  the  gnomon  a,  will  bear  thfl 
same  proportion  to  the  circumference  of  the  small  circle 
(drawn  from  the  top  of  the  gnomon  as  a  centre),  tliat  thfl 
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distance  from  Alexandria  to  Syene  (d  to  e)  does  to  the 
whole  circumference  of  the  globe.  This  is  true  only  if  the 
rays  from  the  sun  to  Alexandria  and  to  Syene  a 
(or  run  at  equal  distances). 
They  are  not  really  quite 
parallel  because  they  meet 
in  the  sun, but  Eratosthenes 
knew  that  the  sun  was  at 
such  an  enormous  distance 
that  their  approach  to  each 
other  was  quite  unini[>ort- 
ant.  He  now  measured 
the  distance  between  Alex- 
andria and  Syene,  and  found 
it  to  be  5,000  stadia,  or 
about  615  miles,  and  mul- 
tiplying this  by  JO  he  got  j,;^^_^  ^o»;„g 'I^Tv.'En.i^Lhcn^  m«- 

615   K  50  =  31,350      miles         iii™l  theaicurafefcoceodheiiirlh, 

as  the  whole  circumference  *'  ^''^''to.^^SXJ^-iJ'^lZ^. 
of  the  earth,  measured  » s,  duim«  from  AieMndm » sytM. 
round  from  pole  to  pole.  This  result  is  not  quite  correct, 
but  as  nearly  as  could  be  expected  from  a  first  rough 
attempt 

Eratosthenes  also  studied  the  direction  of  mountain- 
chains,  the  way  in  which  clouds  carry  rain,  the  shape  of  the 
continents,  and  many  other  geographical  problems. 

Hipparchus,  160  b.c. — Nearly  one  hundred  years  after 
Eratosthenes,  the  great  astronomer  Hipparchus  was  born, 
160  ac  Hipparchus  was  the  most  famous  of  all  the  astro- 
nomers who  lived  before  the  Christian  era-  He  collected 
and  examined  all  the  discoveries  made  by  the  earlier  obser- 
vers, and  made  many  new  observations;  but  astronomy  had 
now  become  so  complicated  that  the  problems  are  too  diffi- 


30  SCIENCE  OF  THE  GREEKS.  vi.  I. 

cult  to  be  explained  here.  Hipparchus  made  a  catalogue  of 
1080  stars,  and  showed  how  they  are  grouped  with  r^;azd 
to  the  ecliptic.  He  also  calculated  accurately  when  eclipses 
of  the  sun  or  the  moon  would  take  place.  But  his  great 
discovery  was  that  called  the  *  Precession  of  the  Equinoxes.' 
This  is  a  very  complicated  movement  which  can  only  be 
understood  by  reading  works  on  Astronomy;  but  I  wilLtiy 
to  give  a  rough  idea  of  it,  in  order  that  you  may  always 
connect  it  with  the  name  of  Hipparchus. 

We  have  seen  that  the  earth  has  two  movements — one, 
turning  on  its  own  axis  causing  day  and  night ;  the  other, 
travelling  round  the  sun,  causing  the  seasons  of  the  year. 
But  besides  these  it  has  a  third  curious  movement,  just  like 
a  spinning-top  when  it  is  going  to  fall.  Look  at  a  top  a 
little  while  before  it  falls,  and  you  will  see  that,  because  it  is 
leaning  sideways,  the  top  of  it  makes  a  small  circle  in  the 
air.  Now  our  earth,  because  it  is  pulled  at  the  equator  by 
the  sun,  moon,  and  planets,  makes  just  such  a  small  circle 
in  space ;  so  that,  instead  of  the  north  pole  pointing  quite 
straight  to  the  polar  star,  it  makes  a  little  circuit  in  the  sky, 
with  the  p>olar  star  in  the  centre.  The  p>ole  moves  veiy 
slowly,  taking  twenty-one  thousand  years  to  go  all  round 
this  circle.  To  understand  the  effect  of  this  movement  we 
must  examine  more  closely  what  the  equinoxes  are.  Take 
your  ball  again  and  make  it  go  round  the  lamp  with  its 
axis  inclined  (see  p.  20).  When  you  have  it  in  such  a  posi- 
tion that  the  north  pole  is  in  the  dark,  or  the  northern 
winter  solstice,  you  will  find  that  a  straight  line  drawn  fh)m 
the  sun  to  the  centre  of  the  earth  will  not  meet  the  equator 
but  a  point  to  the  south  of  it  But  now  pass  the  ball  on  to 
the  next  point  when  neither  pole  is  in  shade,  and  when  it  is 
equal  day  and  ecjual  night  over  the  globe  (our  spring  equi- 
nox), a  line  now  drawn  firom  the  sun  will  fall  directly  upon 
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the  equator,  so  that  the  sun's  path  meets  the  equator  at 
this  point,  which  is  called  the  equinoctial  point  Pass  on 
tiU  the  south  pole  of  your  ball  is  in  the  dark,  the  sun  will 
now  fiall  directly  on  a  point  north  of  the  equator  (making  our 
summer  solstice).  Pass  on  again  to  the  point  of  equal  day 
and  equal  night,  and  the  sun  again  falls  direct  on  the  equa- 
tor, causing  our  autumn  equinox.  Now,  if  the  earth  did  not 
make  that  small  circle  in  space  like  the  top,  the  sun  would 
always  touch  the  equator  at  exactly  those  same  points  of 
the  earth's  orbit  or  path  round  the  sun ;  but  the  effect  of 
that  movement  is  to  pull  the  equator  slightly  back,  so  that 
the  points  where  the  ecliptic  and  the  equator  cut  each 
other  are  50 J  seconds  more  to  the  west  every  year,  and  in 
this  way  the  equinoxes  travel  all  round  the  orbit  from  east 
to  west  in  21,000  years.  Hipparchus  discovered  this  pre- 
cession  (or  going  forward)  of  the  equinoxes ;  though  he  did 
not  know,  what  Newton  afterwards  discovered,  that  it  is 
caused  by  the  sun  and  moon  pulling  at  the  mass  of  extra 
matter  which  is  gathered  round  the  equator. 
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CHAPTER   V. 

FROM  A.D.   70  TO  200. 

Ptolemy — Ptolemaic  System — Strabo — Pliny — Galen — Greece  and  her 
Colonies  conquered  by  Rome — Decay  of  Science  in  Greece — Con- 
cluding Remarks  on  Greek  Science. 

Ptolemy,  a.d.  100. — After  Hipparchus  there  were  many 
good  astronomers  at  Alexandria,  but  none  whom  we  need 
notice  until  the  period  from  100  to  170  after  Christ,  when 
Claudius  Ptolemy,  the  great  astronomer,  flourished  Claudius 
Ptolemy  was  a  native  of  Egypt  He  was  not  one  of  the 
Ptolemies  who  governed  Alexandria,  and  the  place  and'  date 
of  his  birth  are  unknown,  but  he  is  famous  for  having  made 
a  regular  system  of  astronomy  founded  upon  all  that  the 
Greeks  had  learnt  about  the  heavens.  His  discoveries,  like  ^ 
those  of  Hipparchus,  are  too  complicated  for  us  to  discuss 
here  ;  they  related  chiefly  to  the  movements  of  the  moon 
and  the  planets ;  but  the  one  great  thing  to  be  remembered 
of  him  is,  that  he  founded  what  is  called  the  Ptolemaic  Sys- 
tem of  astronomy,  which  tries  to  explain  all  the  movements 
of  the  sun,  stars,  and  planets,  by  supposing  the  earth  to 
stand  still  in  the  centre  of  them  all  This  system  is  con- 
tained in  Ptolemy's  great  work  called  *  The  Syntaxis.*  It  may 
seem  strange  that  as  it  is  not  true  that  the  earth  is  the  centre, 
Ptolemy  should  have  been  able  to  explain  so  much  by  his 
system,  but  you  must  remember  that  it  had  the  same  effect 
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whether  you  moved  round  the  ball,  or  the  ball  round  you, 
in  our  experiment  on  page  1 9  ;  and  Ptolemy's  explanations 
were  apparently  so  near  the  truth  that  astronomers  were 
satisfied  with  them  for  1400  years,  till  Copernicus  discovered 
the  real  movements. 

Ptolemy  was  a  geographer  as  well  as  an  astronomer ; 
he  wrote  a  book  on  geograpliy  which  was  used  in  all  the 
schools'of  learning  for  nearly  fourteen  hundred  years.  He 
drew  maps  of  all  the  known  parts  of  the  world,  and  laid 
down  on  them  lines  of  latitude  and  longitude,  which  he 
calculated  by  the  rules  Eratosthenes  had  discovered.  In 
his  geography  he  describes  the  countries  from  the  Canary 
Islands  on  the  west  to  India  and  China  on  the  east,  and 
from  Norway  to  the  south  of  Egypt.  He  describes  our 
island  under  the  name  of  Albion,  or  Britain,  and  traces  out 
many  of  the  coast-lines  and  rivers.  He  also  gives  the  names 
of  the  various  towns,  with  their  latitude  and  longitude. 

Strabo  and  Pliny.— Between  the  beginning  of  our  era 
and  the  time  of  Ptolemy  there  lived  two  remarkable  men 
who  require  a  passing  mention.  The  first  of  these  was  a 
famous  traveller  named  Strabo,  who  wrote  a  great  deal  on 
geography.  He  was  bom  at  Amasia,  in  Cappadocia,  and 
was  probably  living  when  Christ  was  born.  Strabo  in  his 
book  describes  the  countries  which  he  visited  and  read 
alxjuL  He  also  studied  earthquakes  and  volcanoes,  and 
pointed  out  that,  when  the  hot  vapour  and  lava  hidden  in 
the  crust  of  our  earth  cannot  escape,  they  cause  earth- 
quakes, but  that  when  they  find  their  way  out  through  a 
volcano,  like  Etna,  the  country  is  not  so  often  disturbed 
and  shaken.  The  second  of  these  men,  Pliny,  the  famous 
naturalist,  was  bom  a.i».  13,  and  died  in  the  year  79  in  a 
lash  attempt  to  approach  Vesuvius  during  the  celebrated 

ition  which  overwhelmed  Herculaneum  and    Pompeii. 
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Pliny  wrote  much  on  Natural  History,  but  he  did  not  make 
many  original  observations. 

Qalen,  131.— There  is  still  one  more  great  man  of 
science  whom  we  must  mention  as  having  studied  at  the 
Greek  school  at  Ale.\andria.     This  was  Galen,  one  of  the 

t  celebrated  physicians  of  antiquity.  He  was  bom  a.i>. 
131,  at  Pergamos,  in  Asia  Minor,  where  he  received  a 
liberal  education,  comprising  all  the  branches  of  science 
known  to  the  Greeks.  He  then  turned  his  attention  to 
medicine,  and  travelled  to  Smyrna,  Corinth,  and  Alexandria. 
After  practising  for  some  time  in  liis  native  country  he  went 
to  Rome,  where  he  became  very  famous.  During  his  life 
he  is  said  to  have  written  more  than  500  valuable  essayt' 
on  medicine  and  the  human  body.  You  will  remember, 
that  Erasistratus  and  Herophilus  dissected  the  human  body; 
but  in  the  time  of  Galen  this  seems  lo  have  been  forbidden, 
and  he  was  obliged  to  work  upon  monkeys  and  other 
animals.  Even  from  these,  however,  he  learnt  some  very- 
important  facts.  For  instance,  he  discovered  the  difference 
between  the  two  sets  of  nerves  which  we  have  in  our  body, 
called  the  nerves  of  saisation  and  the  nerves  of  motion. 

Our  bodies  are  provided  with  two  sets  of  fine  cords  or 
threads  called  nerves;  one  set  running  from  different  paita 
of  tiie  body  to  the  spine  and  the  brain,  and  the  other  set 
running  back  from  the  spine  and  brain  to  the  body.  If 
you  touch  a  hot  iron  with  your  finger,  the  nerves  of  sensa- 
tion, that  is,  of  feeling,  carry  the  message  to  your  brain 
that  the  iron  is  hot,  and  then  instantly  the  nen-es  of  motion 
carry  the  message  back  from  your  brain  to  your  finger,  and 
you  snatch  it  away.  If  the  nerves  between  your  finger  and 
your  brain  had  been  cut  or  injured  you  would  not  feel  pain 
when  yoQ  touched  the  hot  iron,  nor  draw  your  finger  away. 
You  will  remember  that  Erasistmtus  had  an  idea  that  it  is 
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brain  that  we  feel ;  Galen  proved  this  by  many  ex- 
periments, though  he  did  not  understand  clearly  the  whole 
action  of  the  nerves.  He  also  proved  that  the  veins  of  our 
body  contain  blood,  and  he  described  the  two  muscles 
which  by  their  contraction  pull  down  the  lower  jaw  as  we 
open  and  pull  it  up  as  we  shut  our  mouths.  Besides  these 
and  many  other  discoveries,  Galen  worked  out  a  whole 
theory  of  medicine,  and  how  doctors  were  to  treat  their 
patients,  and  his  rules  were  the  guide  of  physicians  for 
many  hundred  years. 

Conolading  Hemarks  on  Greek  Soienoe.— We  have 
now  come  to  an  end  of  the  science  of  the  Greeks.  You 
will  read  in  Grecian  history  how  Greece  and  the  Greek 
colonies  were  conquered  by  the  Romans  more  than  a 
hundred  years  before  Christ  was  bom;  and  when  the 
Greeks  ceased  to  be  a  free  people  tbey  gradually  lost  their 
love  of  discovery  and  of  science.  The  school  at  Alexandria 
continued  to  be  famous  for  many  centuries  after  Christ, 
but  the  professors  who  taught  there  only  repeated  the  say- 
ings of  Ptolemy,  Aristotle,  Galen,  and  the  other  great  dis- 
coverers, and  did  not  find  out  new  facts  for  themselves ; 
and  at  last,  in  the  year  640  after  Christ,  the  Arabs  took 
possession  of  the  city,  and  it  soon  ceased  altogether  to  be 
Greek, 

You  must  remember  that  in  these  five  chapters  we  have 
only  been  able  to  speak  of  some  of  the  greatest  men,  and 
then  only  of  a  few  of  the  discoveries  they  made.  You  will 
hear  of  many  celebrated  Greek  philosophers,  as,  for  example, 
Socrates  and  Plato,  whose  names  are  not  mentioned  here 
because  they  wrote  on  subjects  such  as  the  mind  and  the 
soul,  which  belong  to  higher  philosophy,  and  not  to  Natural 
Science:  You  will  also  hear  of  many  strange  and  absurd 
ions  about   the  causes  of  things  which  in  those  early 
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days  were  held,  even  by  such  men  as  Pythagoras  or  Galen  ; 
but  in  this  book  we  have  only  to  try  to  understand  the  real 
facts  which  have  been  discovered ;  and  there  is  no  doubt 
that  the  Greeks,  by  a  patient  study  of  nature,  and  by  making 
real  and  careful  observations  and  experi^ients,  laid  the  found- 
ations of  much  of  the  knowledge  which  we  have  carried 
so  much  farther  in  modem  times.     The  moment  they  began 
merely  to  repeat  the  teachings  of  others,  instead  of  trying 
and  proving  the  truth  of  them,  they  made  no  more  discov- 
veries,  but  lost  a  great  deal  they  had  gained.     For  a  mere 
reading  of  books  will  not  teach  science ;  and  if  you  admire 
these  men  for  making  great  discoveries,  and  would  like  to 
be  a  discoverer  yourself,  you  must  not  be  content  with 
knowing  what  has  been  done,  but  must  set  to  work  as  they 
did,  and  observe  and  make  experiments  for  yourself. 


Chiff  Works  consulted. — Draper's  'Intellectual  Development  in 
Europe ;'  Lewis's  *  Astronomy  of  the  Ancients ; '  *  Encyclopaedia  Bri- 
tannica,'  art.  'Astronomy;*  Herschel's  'Astronomy;*  Baden  Powell*s 
'History  of  Natural  Philosophy;*  Lardner's  * Cyclopoedia,*  1834; 
Sprengel's  'Histoire  de  la  Medicine,*  181 5 ;  Grant's  'History  of 
Physical  Astronomy;*  Lange's  'Ceschichte  des  Materialismus ;'  Rees* 
••  Encyclopaedia  ;*  Whewell's  *  History  of  Inductive  Sciences.* 
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Chief  Men  of  Science  in  the  Middle  Ages. 


Marcus  Grsecus 

A.D. 
800. 

Geber  or  Djafer 
Albategnius  . 
Ben  Musa     . 

830. 
879. 
900. 

Avicenna 

980. 

Gerbert 

1000. 

Ebenjunis  . 

1008. 

Alhazen 

1000. 

Roger  Bacon 

Vitellio' 

I2I4. 
1220. 

Flavio  Gioja 
Columbus     . 

1300. 
1435. 

Vasco  de  Gama 

1450. 

Ferdinand  Magells 
Leonardo  da  Vinci 

in 

I 

1470. 
1452. 

SClEyCE  OF  THE  A/^ASS. 


CHAPTER   VI. 

SCIENCE  OF  THE  ARABS. 

Dark  Ages  of  Europe— Taking  of  Ale.innJria  by  ihe  Arabs — The 
NcstoriB.ns  aod  Jews  iransliite  Greek  works  on  Science — Univer- 
utiesof  Ihe  Arabs — Hermes  the  first  Alchemist — Gases  and  Vapours 
called  'Spirits'  by  ihe  Arabs. 

Arabian  Boience- — We  have  now  arrived  at  what  have 
been  called  the  '  Dark  Ages,'  because  for  several  hundred 
years  Europe  was  too  much  engaged  in  wars  and  disputes 
to  pay  any  attention  to  learning  or  science.  You  have,  no 
doubt,  read  in  history  Iiow  the  Goths  and  Vandals,  a  barbar- 
ous people  from  north-eastern  Asia,  spread  themselves  over 
Europe,  conquering  the  Romans,  and  taking  possession  of 
alt  their  colonies.  They  even  crossed  over  into  Africa,  but 
were  driven  out  again  by  the  famous  general  Belisarius,  in 
the  reign  of  Justinian.  This  was  in  a.d.  534,  and  the 
Emperors  of  Constantinople  held  Alexandria  for  about 
one  hundred  years,  and  then  came  the  Arabs  or  Saracens, 
pouring  out  of  Arabia,  and  they  took  possession  ol  Alex- 
andria in  A.D.  640,  only  seven  years  after  the  death  of  their 
great  leader  Mahomet. 

This  people,  who  were  originallya  shepherd  race  in  Arabia, 
seemed  at  first  to  think  of  nothing  but  making  themselves 
masters  of  new  lands.  They  went  on  conquering  and 
destroying  till  they  had  overrun  all  the  north  of  Africa  up 

the  Straits  of  fSibraltar,  had  taken  possession  of  a  great 
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part  of  Spain,  and  even  of  the  south  of  France  as  far  as  the 
river  Aude,  in  Languedoc,  and  then  when  Charles  Martel, 
mayor  of  the  Franks,  conquered  them  at  Tours  in  732,  and 
stopped  them  from  going  any  farther,  they  settled  down  and 
began  to  give  their  attention  to  science  and  learning. 

They  found  in  Arabia  and  in  Egypt  two  classes  of  people 
who  were  able  to  teach  them  the  Science  of  the  Gieeka 
These  were  the  Nestorians  and  the  Jews.  The  Nestorians 
or  followers  of  Nestorius,  Patriarch  of  Constantinople,  were  a 
peculiar  sect  of  Christians,  who  had  fled  from  Constantinople 
about  the  year  450,  and  founded  a  Church  of  their  own. 
They  became  very  powerful  and  learned,  and  translated 
many  of  the  Greek  works  of  science  into  the  Arabian  lan- 
guage. The  Jews,  after  the  fall  of  Jerusalem,  had  also  taken 
refuge  in  Syria  and  Mesopotamia,  and  they  were  very  skilful 
in  medicine,  and  founded  many  medical  colleges.  The 
Arabian  schools  of  Bagdad,  Cairo,  Salerno  in  the  south  of 
Italy,  and  Cordova  in  Spain,  soon  became  famous  all  over 
the  world.  The  Arabs  were  not  able  to  practise  anatomy 
in  their  medical  schools,  because  the  Koran,  that  is  the 
Mahommedan  Bible,  taught  that  it  was  not  right  to  dissect 
the  human  body,  so  they  turned  their  attention  chiefly  to 
medicine,  trying  to  discover  what  substances  they  could  ex- 
tract from  plants  and  minerals,  at  first  to  serve  as  medicineSi 
but  soon  for  very  different  uses. 

Arabian  Alchemista — ^They  found  something  in  the 
old  Greek  writings  about  the  way  to  melt  stones  or  minerals, 
so  as  to  get  out  of  them  iron,  mercury,  and  other  metals ; 
and  also  how  to  extract  many  beautiful  colours  out  of  rocks 
and  earths.  But  the  chief  thing  which  interested  them  in 
the  books  of  the  Egyptians,  Chaldeans,  and  Greeks,  was  the 
attempts  these  nations  had  made  to  turn  other  metals  into 
gold,  a  discovery  which  tradition  said  had  been  made  by 
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Vermes  Trismegistus  about  sooo  years  before  Christ  W^e 
Inow  very  little  of  this  Hemies,  and  indeed  we  are  not  sure 
whether  he  is  not  altogether  an  imaginary  person  ;  but  the 
Alchemists,  as  the  people  were  called  who  tried  to  make 
gold,  considered  themselves  followers  of  Hermes,  and  often 
called  themselves  HertneHc philosophers.  To  melt  the  mouth 
of  a  glass  tube  so  as  to  close  it  was  called  securing  it  with 
Hermes,  his  seal,'  and  even  to  this  day  a  bottle  or  jar 
which  is  closed  so  that  it  is  air-tight  is  said  to  be  hermeti- 
Uy  sealed. 

The  Arabs  were  a  very  superstitious  people,  and  believed 
in  all  kinds  of  charms  ;  and  this  idea  of  making  gold  in  a 
mysterious  way  took  a  great  hold  of  them.  Many  thousands 
of  clever  men  occupied  themselves  in  the  supposed  magic 
art  oi  alchemy.  We  need  not  study  it  here,  but  only  observe 
how  very  useful  it  was  in  teaching  the  first  facts  of  chemistry. 
These  men,  who  were  many  of  them  learned,  clever,  and 
patient,  spent  their  lives  in  melting  up  different  substances 
and  watching  what  changes  took  place  in  them.  In  this 
way  they  learnt  a  good  deal  about  the  materials  of  which 
rocks,  minerals,  and  other  substances  are  made. 

One  of  the  first  things  they  discovered  was  that,  by 
beating  substances,  they  couid  ofien  drive  something  out  of 
them  which  was  invisible,  and  yet  that  they  could  collect  this 
invisible  something  in  bottles;  and  in  some  cases  if  they  put 
a  light  to  it,  it  exploded  violently,  breaking  the  bottle  to 
atoms.  Now  because  this  was  invisible,  and  yet  so  power- 
ful, they  thought  it  must  be  like  the  spirit  of  man,  which 
can  do  so  much  and  yet  cannot  be  seen,  and  for  this  reason 
Ihcy  called  it  '  spirit.'  Wc  know  now  that  when  we  heat 
substances  up  to  a  certain  point  we  drive  apart  the  matter  of 
nhich  they  are  made,  and  it  floats  off  as  steam  or  gas  into  the 
■il;  30lhatthisj//V//noticedby  the  Arabs  was  vapour  or  gas. 
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It  seems  almost  certain  that  the  Arabs  knew  a  great  deal 
about  gunpowder  and  some  other  mixtures  which  explode 
when  they  are  set  on  fire.  Marcus  Graecus,  a  man  whose 
origin  is  unknown,  but  who  lived  about  the  b^;inning  of  the 
ninth  century,  says  that  if  you  mix  together  one  pound  of 
sulphur,  two  of  Charcoal,  and  six  of  saltpetre,  it  will  explode 
when  you  light  it  and  drive  things  into  the  air.  This  is 
one  of  the  ways  in  which  gimpowder  is  still  made. 
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CHAPTER    Vir. 

SCIENCE  OF  THE  ARABS  (CONTINUED) 


Geber,  oi  Djafer,  the  Fauniler  of  Chemistry — Arabs  mix  up  Astronamy 
with  Astrology — Albalegnius — Mohammed  Ben  Musa  first  Writer 
on  Algebra — Alhazen's  Discoveries  in  Optics. 

Geber'B  DiscoTeries  in  Chemiatry,  800-900. — ^The 
greatest  of  the  Arabian  alchemists  was  a  man  named  Geber, 
or  DjaXer,  who  was  born  in  Mesopotamia  about  a.d.  S30. 
He  has  been  called  the  '  Founder  of  Chetnistry,'  for  though, 
like  his  countrymen,  he  spent  much  of  his  time  in  trying  to 
make  gold,  yet  he  is  the  first  who,  as  far  as  we  know,  made 
really  useful  chemical  experiments. 

He  explains  in  his  works  many  of  the  methods  we  now 
use  in  chemistry.  For  example,  he  states  that  if  you  boil 
water,  the  vapour  (or  spirit  as  he  calls  it)  will  rise  up,  and 
you  can  collect  it  and  cool  it  down  again  in  another  vessel ; 
and  it  will  then  be  pure,  because  any  solid  matter  such  as 
sand  or  salt,  which  does  not  turn  readily  into  vapour,  wiil 
remain  behind  in  the  first  vessel  Again,  if  you  heat  wine 
or  brandy  gently,  a  vapour  called  alcohol  or  spirits  of  wine 
will  rise  up,  because  the  alcohol  turns  into  vapour  more 
easily  than  the  other  materials  of  the  wine.  If  you  collect 
and  cool  down  this  vapour  in  another  bottle,  you  will  have 
liquid  spirits^f'wine.  This  process  is  called  distillation, 
and  is  used  by  chemists  to  separate  substances  which  turn 
ily  into  vapour,  from  others  which  do  not  boil  so  easily. 
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You  can  distil  vapours  from  solid  things  as  well  as  from 
liquids :  if  you  heat  sugar  over  a  fire,  it  will  soon  boil,  and  a 
vapour  will  rise  up  from  it. 

But  if  you  put  a  piece  of  camphor  in  a  flask  with  a 
stopper  to  it,  and  heat  it  very  gently  either  by  placing  it  In 
the  sun  or  at  some  distance  above  a  lighted  candle,  the  cam- 
phor will  gradually  disappear  from  the  bottom  of  the  flask, 
and  will  collect  again  in  little  crystals  on  the  inside  of  the 
neck.  This  is  because  camphor  at  an  ordinary  heat  changes 
at  once  into  a  dry  invisible  gas,  without  first  remaining 
liquid  for  a  time  as  ice  does.  The  process  by  which  sub- 
stances are  turned  directly  from  a  solid  state  into  a  dry  gas 
is  called  sublimation,  and  Geber  describes  it  in  his  book  aa 
'  the  elevation  of  dry  things  by  fire.'  He  knew  that  if  you 
take  a'  kind  of  stone  called  cinnabar,  and  heat  it,  a  dry  ga 
rises  from  it,  which  you  can  collect,  and  which  cools  down- 
into  drops  of  vtermry  or  quicksilver, 

Geber  made  another  remarkable  experiment,  though  he 
did  not  thoroughly  understand  it.  He  states  in  his  book 
that  if  you  take  a  certain  weight,  say  a  pound  of  iron,  lead^ 
or  copper,  and  heat  it  in  an  open  vessel,  the  metal  will  weigh 
more  after  it  has  been  heated  than  it  did  before,  which 
seems  very  strange,  as  we  cannot  see  that  anything  has  been 
added  to  it  We  shall  learn  the  reason  of  this  when  we  comei 
to  the  discoveries  of  Priestley  {Chap.  XXVIl.) ;  but  Geber 
carefuUy  noticed  the  fact,  though  he  could  not  explain  it. 

The  discovery,  however,  which  most  of  all  gives  Geber 
the  right  to  be  called  the  '  founder  of  chemistry '  was  that 
of  strong  acids.  Most  of  the  chemical  experiments  wa 
make  now  would  be  impossible  without  acids,  but  before 
Geber's  time  vinegar  seems  to  have  been  the  strongest  add 
known.  He  found,  however,  that  by  healing  copperas  (ot 
sulphate  of  iron)  with  saltpetre  and  alum,  he  could  distil  off' 
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a  vapour  which  cooled  down  into  a  very  strong  acid,  now 
called  nitric  add.  He  used  this  to  dissolve  silver,  and  by 
mixing  it  with  sal-ammoniac  he  found  it  would  even  dissolve 
gold.  Sal-ammoniac  was  a  kind  of  sa!t  which  was  known 
to  the  Arabs  before  Geber's  time.  They  made  it  by  heat- 
ing the  dung  of  camels,  and  the  name  ammoniac  was  given 
to  it  because  they  made  it  first  in  the  desert  near  the  temple 
of  Jupiter  Amnion.  Geber  also  made  sulphuric  add  by  dis- 
tilling alum.  When  we  remember  that  all  these  experi- 
ments were  made  more  than  a  thousand  years  ago,  we  must 
acknowledge  that  Geber  deserves  great  honour  for  the  dis- 
coveries which  he  made. 

AlbstegniUB,  879. — We  have  seen  that  in  chemistry 
the  Arabs  learned  ver>-  little  from  the  Greeks,  but  in  mathe- 
matics and  astronomy  they  found  a  great  deal  written,  and 
the  Arabian  astronomers  spent  much  of  their  time  in  trans- 
lating Greek  works.  Unfortunately  they  mixed  up  astro- 
namy,  or  the  study  of  the  heavenly  bodies,  with  astrology,  a 
kind  of  magic  art,  by  which  they  imagined  they  could  fore- 
tell what  was  going  to  happen  by  studying  the  stars.  In 
spite  of  this,  however,  there  were  several  very  celebrated 
Arabian  astronomers,  one  of  whom,  called  Albategnius,  bom 
A.D.  879,  made  a  great  many  good  observations.  He  talcu* 
laied  the  length  of  the  year  more  exactly  than  Ptolemy  had 
done,  making  it  365  days,  5  hours,  46  minutes,  24  seconds, 
which  was  only  two  minutes  shorter  than  it  really  is,  and  he 
corrected  many  more  of  Ptolemy's  observations.  After  him 
the  next  famous  Arabian  astronomer  was  Ebn  Junis,  a.d. 
tooS,  who  drew  up  several  valuable  astronomical  tables. 

Ben  Husa,  800. — Of  mathematicians,  one  of  the  most 
celebrated  was  Mohammed  Ben  Musa,  who  lived  about 
A.D,  900.  He  is  the  earliest  Arabian  wTiter  on  Algebra,  or 
Jic  working  of  sums  by  means  of  letters,  although  we  find 
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that  a  Greek  writer,  Diophantus,  made  use  of  this  method' 
some  time  in  the  fifth  century.  This  name  '  Alg^ra '  i 
Arabian  word,  and  the  Arabs  were  very  clever  at  this  way 
of  making  calculations.  Ben  Musa  is  the  first  writer  ^ 
know  of  who  used  the  Indian  numerals  i,  i,  3,  4,  5,  6,  7, 
8,  9,  o,  instead  of  the  clumsy  Roman  numerals  I.  H,  IIL 
IV. ;  etc  If  you  try  to  do  a  sum  with  the  Roman  numeral*: 
you  will  see  what  a  troublesome  business  it  is,  and  what  a, 
great  gain  the  Indian  numerals  are.  The  Arabs  learned  these 
figures  from  the  Hindoos,  and  always  used  them  after  tha 
time  of  Ben  Musa,  so  thai  they  are  now  generally  called 
the  Arabic  numerals.  About  the  year  looo,  a  Frenchman 
named  Gerbert,  Archbishop  of  Rheims,  and  afterwards  Pope 
Sylvester  the  Second,  who  had  been  educated  at  the  famous 
Arabian  University  of  Cordova  in  Spain,  introduced  thent 
into  Europe.  The  word  cipher,  which  we  use  for  o,  comes 
from  an  Arabic  word,  dphra,  meaning  empty  or  void. 

Alhttnen's  dificoveries  in  Optics,  1000.^  Anotha 
Arabian  whom  we  must  specially  mention,  was  an  astro- 
nomer and  mathematician  named  Alhazen,  who  was  born  at 
Bassora,  in  Asiatic  Turkey,  about  a.d.  1000,  but  who  spent 
most  of  his  life  in  Spain.  He  made  discoveries  chiefly  in 
t^tics,  or  the  science  of  light  and  vision.  He  was  the  first 
to  teach  that  we  see  things  because  rays  of  light  from  the 
objects  around  us  strike  upon  the  retina  or  thin  membrane 
of  our  eye,  and  the  impression  is  carried  to  our  brain  by  a 
nerve.  When  the  object  is  itself  a  light,  like  the  Hame  of 
a  candle,  it  gives  out  the  rays  which  reach  our  eye ;  but 
when,  like  a  book  or  a  chair,  it  is  not  luminous,  then  the' 
rays  of  the  sun  or  any  other  light-giving  body  are  reflected 
from  it  to  our  eye  and  make  a  picture  there.  Albazen  also 
explained  why  we  do  not  see  two  pictures  of  one  object, 
although  we  look  at  it  with  two  eyes ;  he  pointed  out  that. 
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as  the  reflection  of  any  given  point  of  the  object  is  formed 
on  the  same  part  of  the  one  eye  as  of  the  other,  onJy  one 
united  picture  reaches  the  brain.  This  is  the  best  explana- 
tion which  has  ever  been  given  of  why  we  only  see  one 
image,  but  even  to  this  day  we  are  not  quite  certain  that  it 
is  satisfactory. 

AJhaien  discovered  another  wonderful  thing  about  UghL 
If  you  take  a  straight  stick  and  hold 
it  in  a  slanting  direction  in  a  basin 
of  water  so  that  half  of  it  is  under 
water  and  look  at  it  from  above,  the 
stick  will  appear  to  bend  at  the 
point  A,  where  it  touches  the  surface 
of  the  water,  and  instead  of  going 
aJong  the  doited  line  to  b,  will  look 

as  if  it  went  to  the  point  C.  This  is  because  rays  of  light  are 
bent  in  a  slanting  or  oblique  direction  when  they  pass  through 
substances  of  different  density.  Water  is  more  dense  than 
air,  and  therefore  the  rays  of  light  reflected  from  the  stick 
are  bent  as  they  pass  out  of  the  water  into  the  air  on  their 
way  to  your  eye.  This  is  called  refraction,  or  the  breaking- 
back  of  a  ray,  and  the  discovery  of  it  led  Alhazen  to  find 
the  explanation  of  a  very  curious  natural  fact. 

He  knew  thai  the  air  round  our  globe  grows  denser  as  it 
gets  nearer  the  earth,  so  he  argued  that  the  slanting  rays 
from  the  sun,  moon,  and  stars  must  become  bent  as  they 
approach  the  earth  and  pass  through  the  denser  air.  This, 
he  said,  causes  us  to  see  the  sun  afier  it  has  really  sunk 
below  our  horizon  at  night,  and  before  it  rises  in  the  morn- 
ing ;  for  the  rays  are  gradually  curved  by  passing  through 
the  denser  air  round  our  earth.  Fig.  4  explains  this.  Sup- 
posing the  sun  to  be  at  s,  and  a  person  at  a,  it  is  dear 
that  any  straight  ray  from  the  sun,  such  as  s  d,  could  not 
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reach  a,  because  part  of  the  earth  is  in  the  way ;  neither 

could  a  ray,  s  c,  reach  the  earth,  because  it  would  pass 
above  it.  But  when  the  rays  from  s  to  c  strike  the  almo- 
sphere  at  b,  they  are  bent  out  of  their  course,  and  are 
gradually  curved  more  and  more  by  the  denser  air  til!  they 
are  brought  down  to  the  eartli  at  a,  and  so  the  sun  becomes 
visible. 


Alhazen  was  abo  the  first  to  explain  why  a  convtx  km, 
that  is,  a  glass  with  rounded  surfaces,  such  as  our  common 
magnifying  glasses  and  burning  glasses,  will  make  things  ap- 
pear larger  if  held  at  a  proper  distance  between  the  eye  and 
any  object ;  namely,  because  the  two  surfaces  of  the  glass, 
becoming  more  and  more  oblique  to  each  other  as  they 
approach  the  sides,  bend  the  rays  inwards,  so  that  they 
come  to  a  focus  in  the  eye.  To  understand  this,  draw  a 
line  of  any  kind,  say  a  little  arrow,  on  a  sheet  of  paper,  and . 
bring  your  eye  near  to  it  Your  arrow  being  so  close 
would  look  very  large  if  you  could  see  it  distinctly,  but  just 
because  it  is  so  near,  your  eye  cannot  Jocus  or  collect  to- 
gether the  rays  coming  from  it  so  as  to  make  a  picture  on 
the  retina  at  the  back  of  the  eye ;  therefore  you  see  nothing 
but  an  indistinct  blur.     But  now,  keeping  your  eye  in  the 
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same  position,  take  a  magnifying  glass,  c  d,  Fig.  5,  and  hold 
it  between  your  eye  and  the  arrow.  If  you  hold  it  at  the 
right  distance  you  will  now  see  the  arrow  distinctly,  because 
the  greater  part  of  the  rays  have  been  bent  or  refracted  by 
the  rounded  glass  so  as  to  come  into  focus  on  your  retina. 
But  now  comes  another  curious  fact.  It  is  a  law  of  sight, 
that  when  rays  of  light  enter  our  eye  we  follow  them  out  in 
straight  lines,  however  much  they  may  have  been  bent  in 
coining  to  the  eye.     So  your  arrow  will  not  appear  to  you 

A 


as  if  it  were  at  a  b,  but,  following  out  the  dotted  lines, 
you  will  see  a  magnified  arrow,  a  b,  at  the  distance  at  which 
you  usually  see  small  objects  distinctly.  This  observation 
of  Alhazen's  about  the  bending  inwards  or  converging  of 
rays  through  rounded  glasses  was  the  first  step  towards 
spectacles. 

Besides  the  Arabians  whom  I  have  mentioned  here,  there 
were  many  who  were  very  celebrated,  but  we  know  very 
little  of  their  works.  Among  them  was  Avicenna  a.d.  980, 
whom  you  will  often  hear  mentioned  as  a  writer  on  minerals. 

;t  the  chief  thing  to  be  remembered,  besides  the  dis- 
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coveries  of  Geber  and  Alhazen,  and  the  introduction  of  the 
Indian  numerals,  is  that  in  the  Dark  Ages,  when  all  Europe 
seemed  to  care  only  for  wars  and  idle  disputes,  it  was  the 
Arabs  who  kept  the  lamp  of  knowledge  alight  and  patiently 
led  the  way  to  modem  discoveries. 


CHAPTER  VIII. 

SCIKNCE  OP  THE  MIDDLE  AGES  (CONTINUED). 

X  B«eon — Hi*  '  Opiu  Majus '— Fkvio  Gioja  invents  the  Mariner't 
■'Compass — Use  of  the  CompisG  in  discovering  new  Lands — Colum- 
V'bBt — Vascddc  Cama — Magellan  —  Invention  of  Printing — Leon- 
■,anlo  d>  Vind. 

We  must  now  return  to  Europe,  where  the  nations  were 
struggling  out  of  the  Dark  Ages ;  and  though  there  were 
many  learned  men  in  the  monasteries,  very  few  of  them 
paid  any  attention  to  science :  while  those  who  did,  often 
lost  their  time  in  alchemy,  trying  to  make  gold ;  or  in 
astrology,  endeavouring  to  foretell  events  by  the  stars. 

Boger  Bacon,  iai4.^In  the  year  1214,  however,  a 
man  was  bom  in  England  whom  every  Englishman  ought 
to  admire  and  revere,  because  in  those  benighted  times  he 
gave  up  his  whole  life  to  the  study  of  the  works  of 
lutuie,  and  suffered  imprisonment  in  the  cause  of  science. 
This  was  Roger  Bacon,  a  great  alchemist,  who  was  bom  at 
lichester  in  Somersetshire,  educated  at  Oxford  and  Paris, 
■od  then  became  a  friar  of  the  order  of  Sl  Francis.  For 
this  reason  he  is  often  called  Friar  Bacon.  Bacon's  great 
■ork,  called  the  '  Opus  Majus,'  is  written  in  such  strange 
Ungua^e  that  it  is  often  difficult  to  find  out  how  much  he  J 
feaJly  knew  and  how  much  he  only  guessed  aL  We  know,  , 
however,  lliat  he  made  niany  good  astronomical  ohserva- 
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tions,  and  that  he  explained  the  rainhow  by  saying  that  the 
sun's  rays  are  refracted  or  bent  back  by  the  falling  drops 
of  rain,  as  was  also  noticed  about  the  same  time  by  Vitellio, 
a  Polish  philosopher. 

Bacon  is  famous  as  the  first  man  in  Europe  who  made 
gunpowder  ;  we  do  not  know  whether  he  learnt  the  method 
from  the  .Ajabs,  but  it  is  most  likely,  for  he  gives  the  same 
receipt  for  making  it  as  Marcus  Cracus  did — namely,  salt- 
petre, charcoal,  and  sulphur.  He  also  knew  that  there  are 
different  kinds  of  gas,  or  air  as  he  calls  it,  and  he  telis  us 
that  one  of  these  puts  out  a  flame.  He  invented  the 
schoolboy's  favourite  experiment  of  burning  a  candle  under 
a  bell-glass  to  prove  that  when  the  air  is  exhausted  the 
candle  goes  out. 

Bacon  seems  also  to  have  known  the  theory  of  a  tele- 
scope. We  do  not  know  whether  he  ever  made  one,  but 
he  certainly  understood  how  valuable  it  would  be.  This 
is  what  he  says  about  it  in  his  '  Opus  Majus,'  or  '  Greater 
Work ' :  '  We  can  place  transparent  bodies  (that  is,  glasses) 
in  such  a  form  and  position  between  our  eyes  and  othei 
objects  that  the  rays  shall  be  refracted  and  bent  towards 
any  place  we  please,  so  that  we  shall  sec  the  object  near  at 
hand,  or  at  a  distance,  under  any  angle  we  please ;  and 
thus  from  an  incredible  distance  we  may  read  the  smallest 
letter,  and  may  number  the  smallest  particles  of  sand,  by 
reason  of  the  greatness  of  the  angle  under  which  they 
appear."  This  is  al  least  a  very  fair  description  of  the  tele- 
scope and  of  the  microscope.  In  the  same  book  he  says 
that  one  day  ships  will  go  on  the  water  without  sails,  and 
carriages  run  on  the  roads  without  horses,  and  that  people 
will  make  machines  to  fly  in  the  air.  This  shows  that  he 
must  have  imagined  many  things  which  were  not  really 
discovered  till  more  than  300  years  afterwards  ;  but  they 
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were  all   dreams  which  he   could   not   carry   out   himself.  ' 

Before  we  leave  Roger  Bacon  I  must  warn  you  not  to  con-  , 

fuse  him  with  Francis  Bacon,  Chancellor  of  England,  who 
was  quite  a  different  man,  and  lived  more  Chan  200  years 
later. 

Flavio  Gioja  disooTero  the  HarLner's  Compaaa, 
ISOO. — About  ten  years  after  the  death  of  Bacon,  a  man 
was  born  in  a  little  village  called  Amalfi,  near  Naples,  who  ' 

made  a  discovery  of  great  value.  The  man's  name  was 
Flavio  Gioja,  and  the  discovery  was  that  of  the  mariner's 
compasi.      Long  before  Flavio's  time  people  knew  that  there  J 

was  a  kind  of  stone  to  be  found  in  the  earth  which  attracted  | 

iron.     There  is  an  old  story  that  this  stone  was  first  dis-  I 

covered  by  a  shepherd,  who,  while  resting,  laid  down  his 
iroD  shepherd's  crook  by  his  side  on  a  hill,  and  when  he  1 

tried  to  lift  it  again  it  stuck  to  the  rocL  Although  this 
story  is  probably  only  a  legend,  yet  it  is  certain  that  the  | 

Greeks  and  most  of  the  ancient  nations  knew  that  the  load- 
stone attracted  iron  ;  and  2  piece  of  loadstone  is  called  a  | 
magnet,  from  the  Greek  word  magnes,  because  it  was  sup-  ] 
posed  to  have  been  first  found  at  Magnesia,  in  Ionia. 

A  piece  of  iron  rubbed  on  a  loadstone  becomes  itself  a  ' 

magnet,  and  will  attract  other  pieces  of  iron.  But  Flavio 
Gioja  discovered  a  new  peculiarity  in  a  piece  of  magnetised 
iron,  which  led  to  his  making  the  mariner's  compass.  He 
found  that  if  a  needle  or  piece  of  iron  which  has  been  | 

magnetised  is  hung  by  its  middle  from  a  piece  of  light  , 

siring,  it  will  always  turn  so  that  one  end  points  to  the  1 

north  and  the  other  to  the  south.  He  therefore  look  a 
piece  of  round  card,  and  marking  it  with  north,  south,  east, 
and  west,  he  fastened  a  magnetised  needle  upon  it  pointing 
imm  N.  to  S- ;  he  then  fastened  the  card  on  a  piece  of  cork  j 

floated  it  in  a  basin  of  water.      Whichever  way  he  J 
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turned  the  basin  the  needle  carried  the  card  round  till  the 
N,  of  the  needle  pointed  to  the  north,  and  the  s,  to  the 
south,  and  from  the  other  marks  on  the  card  he  could  then 
tell  the  direction  of  the  west, 
north-west,  eta 

It  is  easy  to  see  how  im- 
portant this  discovery  was ;  for 
when  a  ship  is  at  sea,  far  fr^m 
land,  there  is  nothing  to  guide 
,    -      ^'••-J'-  the    captain    except  the    stars, 

and  they  cannot  always  \x 
seen,  so  that  before  he  had  a  compass  he  was  obliged  to 
Veep  in  sight  of  land  in  order  to  find  his  way.  But  as  soon 
as  he  had  an  instrument  which  pointed  out  to  him  which 
way  his  ship  was  going,  he  could  steer  boldly  and  safely 
right  across  the  sea. 

There  has  been  much  dispute  as  to  who  first  discovered 
the  compass,  and  some  people  think  that  the  Chinese  used 
it  in  very  early  times;  but  learned  men  now  agree  that 
Gioja  discovered  it  independently,  and  it  is  certain  that  he 
was  the  first  to  use  it  in  a  ship.  Of  course  it  would  have 
been  very  inconvenient  to  have  it  always  floating  in  a  basin 
of  water ;  so  the  card  was  fitted,  by  means  of  a  little  cap, 
on  to  the  top  of  a  pin,  round  which  it  could  turn  easily, 
and  this  is  the  way  il  is  still  made.  As  the  king  of  Naples 
of  that  day  belonged  to  the  royal  family  of  France,  Gioja 
marked  the  north  point  of  the  needle  with  a  fleur-de-lys  in 
his  honour,  and  the  mariner's  compass  of  all  nations  still 
bears  this  mark.  The  territory  of  Principiato,  where  Gioja 
was  bom,  has  also  a  compass  for  its  arms,  in  memory  of 
his  discovery, 

InTODtion  of  Printing,  1456. — Before  we  go  on  to 
speak  of  the  wonderful  voyages  which  followed  the  inrcn- 
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tion  of  the  compass,  we  must  pause  a  moment  to  notice 
another  great  change  which  took  place  in  Europe  about 
a  hundred  years  after  the  time  of  Bacon  and  Gioja. 
This  was  the  invention  of  printing.'  In  the  early  part 
of  the  fifteenth  century  some  people  began  to  engrave,  that 
is.  to  cut  on  wood,  pictures  and  texts  of  Scripture,  and  then 
to  rub  them  over  with  ink,  and  take  an  impression  of  them 
on  paper.  One  day  it  occurred  to  a  man  named  John 
Gutenberg,  of  Strasburg,  that  if  the  letters  of  a  text  could 
be  made  each  one  separate,  they  might  be  used  over  and 
over  again.  He  began  to  try  to  make  such  letten,  and 
with  the  help  of  John  Faust  of  Mayence,  and  Peter  Schoeffer 
of  Gem.sheitn,  both  of  them  working  mechanics  like  himself, 
he  succeeded  in  making  metal  letters,  or  tj-pes  as  they  arc 
called.  These  men  finished  printing  the  first  Bible  in  the 
year  1455.  I"  1465  the  first  printing-press  was  started  in 
Italy,  and  another  in  Paris  in  1469,  while  Caxton  introduced 
printing  into  England  in  1474. 

This  invention  was  a  great  step  towards  new  knowledge. 
So  long  as  people  were  obliged  to  write  out  copies  of  every 
work,  new  books  could  only  spread  very  s!ow!y,  and  old 
books  were  verj-  dear  and  rare ;  but  as  soon  as  hundreds 
of  copies  could  be  printed  off  and  sold  in  one  year,  the 
works  of  the  Greeks  on  science  were  collected  and  published 
by  clever  men,  and  were  much  more  read  than  before  ;  and 
what  was  still  more  important,  books  about  new  discoveries 
passed  quickly  from  one  country  to  another,  and  those  who 
were  studying  new  truths  were  able  to  learn  what  other 
Kicntific  men  were  also  doing.  Thus  printing  was  one  of 
the  chief  steps  out  of  the  ignorance  of  the  Dark  Ages. 
Voyages  round  the  World,— The  next  step,  as  I  said 
'  TTic  art  of  [ifinling  nppcars  lo  have  been  piaclised  by  Ihc  Chinese 

Inrly  w  tlie  bcgimung  of  the  lenth  cealury.  J 
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just  now,  was  made  by  the  use  of  the  mariner's  compass 
The  Greeks,  as  you  will  remember,  knew  that  the  earth  was 
a  globe,  but  all  this  had  been  forgotten  in  Europe  since  the 
Goths  and  Vandals  came  in,  and  people  actually  went  back 
to  the  old  idea  that  the  world  was  flat  like  a  dinner-plate, 
with  the  heavens  in  an  arch  overhead.  Nevertheless,  the 
sailors,  who  saw  ships  dip  down  and  disappear  gradually  as 
they  sailed  over  the  sea,  could  not  help  suspecting  that  it 
must  be  a  round  globe  after  all ;  and  Christopher  Colunibus, 
a  native  of  Genoa,  was  convinced  he  could  find  a  way  round 
to  the  East  Indies  by  sailing  to  the  west  across  the  Atlantic. 
Full  of  this  idea,  he  started  on  August  3,  1492,  with  three 
small  ships  and  ninety  men,  from  Palos,  near  Cadiz,  in 
Spain,  and  sailed  first  to  the  Canary  Islands.  From  there 
he  sailed  on  for  three  weeks,  guided  by  his  compass,  but 
without  seeing  any  land  ;  the  food  in  the  ship  began  to  run 
short,  and  his  men  became  frightened  and  threatened  to 
throw  him  overboard  if  he  would  not  turn  back ;  but  he 
begged  ihem  to  continue  for  tliree  days  longer,  and  a  little 
before  midnight  00  October  11  there  was  a  cry  of  '  land  I 
land!'  and  next  morning  at  sunrise  they  disembarked  on 
one  of  the  Bahama  Islands  in  the  New  World. 

Columbus  thought  that  he  had  sailed  right  round  and 
reached  the  other  side  of  Asia,  but  if  you  look  at  your  m^ 
you  will  see  he  only  went  a  quarter  of  that  distance.  He 
died  in  1506,  without  finding  out  his  mistake,  though  he 
made  several  other  voyages.  During  these  he  made  a  very 
remarkable  discovery  about  the  magnetic  needle  of  the 
It  had  long  been  known  that  the  needle  did  not 
point  due  north,  but  a  little  to  the  east  of  the  north. 
Columbus,  however,  found  that,  as  he  went  westward,  the 
needle  gradually  lost  its  eastward  direction,  and  pointed 
due  north,  and  then  gradually  went  a  little  way  to  the  west 


It  remained  like  this  till,  on  his  return,  he  came  back  to 
the  same  place  where  it  had  changed,  and  then  it  passed 
gradually  back  to  its  first  position.  From  this  he  leamt 
that,  although  the  magnetic  needle  always  points  towards 
the  north,  it  varies  a  little  in  different  parts  of  the  world. 
The  reason  of  this  is  not  even  now  clearly  understood,  and 
we  must  content  ourselves  here  with  knowing  that  it  is  so. 

The  next  grand  voyage  of  discovery  was  made  by  Vasco 
de  Gama,  a  Portuguese,  who  set  sail  July  9,  1497,  to  try 
whether  it  was  possible  to  sail  round  the  sooth  of  Africa. 
He  succeeded,  and  during  the  voyage  he  could  not  help 
remarking  the  new  constellations  or  groups  of  stars,  never 
seen  in  Portugal,  which  appeared  in  the  heavens.  This 
proved  to  him  that  the  earth  must  certainly  be  a  globe,  for 
if  you  were  to  sail  for  ever  round  a  tlat  surface,  you  would 
always  have  the  same  stars  above  your  head. 

At  last  there  came  a  third  discoverer,  Ferdinand  Magellan 
(or  Magaihaens),  of  Spain,  who  set  off  August  to,  1519, 
determined  to  sail  right  round  the  world  He  steered 
westward  to  South  America,  and  discovered  ihe  Straits 
which  separate  Terra  del  Fuego  from  the  mainland,  anil 
which  were  called  after  him  the  Straits  of  Magellan.  Then 
he  sailed  northwards,  across  the  equator  again,  till  he  came 
10  the  Ladrone  Islands,  where  he  was  killed  fighting  a 
battle  to  help  the  native  king.  Sebastian  del  Cano,  his 
lieutenant,  then  took  the  command  of  the  ship,  which 
arrived  safely  back  in  the  port  of  St.  Lucar,  near  Seville 
in  Spain,  on  September  7,  1531.  This  ship,  guided  by 
Magellan,  was  the  first  which  ever  sailed  quite  round  the 
world  ;  and  all  these  voyages,  proving  that  the  earth  is  a 
round  globe,  and  bringing  back  accounts  of  new  stars  in 
the  heavens,  set  men  thinking  that  there  was  much  stilt  to 
e  Icaml  about  the  u 
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LeoDBTdo  ds  Vinci,  1452— We  must  not  pass  on  into 
the  sixteenth  century  without  mentioning  Leonardo  da 
Vinci,  the  great  painter,  who  was  also  very  remarkable  for 
the  number  of  interesting  inventions  which  he  made  ia 
mechanics.  Leonardo  was  born  in  1452  at  Vinci,  in 
Tuscany;  he  is  so  generally  spoken  of  as  a  painter  that 
many  people  do  not  know  that  he  left  behind  him  fourteen 
valuable  works  on  Natural  Philosophy.  He  invented 
water-mills  and  water-engines,  as  well  as  locks  to  shut  off 
the  water,  such  as  are  now  used  on  our  canals  and  rivers. 
He  studied  the  flight  of  birds,  and  tried  to  make  a  mechani- 
cal apparatus  for  flying,  and,  besides  being  one  of  the  best 
engineers  of  his  day,  he  made  many  curious  machines,  such 
as  a  spinning  machine,  a  water-pump,  and  a  planing- 
machine.  Some  of  these  things  were  only  models  which 
he  made  for  his  own  pleasure,  but  they  show  that  he,  like 
Roger  Bacon,  was  very  much  in  advance  of  his  age;  and 
he  did  good  service  to  science  by  the  careful  experiments 
which  he  made,  and  by  insisting  that  it  was  only  by  going 
to  Nature  herself  that  men  can  really  advance  in  knowledge. 


Chit/  Worti  eansii/rai.—'DrapeT's  'Hist,  of  Intelleclual  Devdop- 
ment ;'  Baden  Pawell's  '  Hist  of  Natural  Philosophy,'  1834  :  Sprengel 
'  HislniredelaM^ecine,'  iSjO;  '  Pcnn)' CyclopxdiH,' art  'Arabians  i' 
' Encyclopsedias  Metropolitana  and  Britannica;'  Rodwcll's  'Birth  of 
Chemislry,'  1874J  'The  WorltE  of  Geber,' Englishedby  R.  Russell, 
1678  i  Whewell's  '  Hisloiy  of  the  Inductive  Sciences ;'  Priestley^ 
'History  of  Vision,'  1772  ;  Smith's  'Optics,'  1778  ;  'Edinburgh  En- 
^clopaedia,'  art  Chemislry j  Bacon's  'Opus  Majus,'  by  Dr.  Jcbb^ 
1733;  Bticon,  '  Sa  Vie,  set  Ouvrages,  el  se*  Doclrines,'  by  M. 
Chules,  1S61  i  Ventura,  '  OurragcE  Physico-mathematiques  de  Uoii> 
ardo  da  Vinci,'  1797;  Draper's  'Conflict  between  Religion  and 
Science,'  1 875. 
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CHAPTER    IX. 

SCIENCE  OF  THE  SIXTEENTH  CENTURV, 

K  di  Modem  Science — Dagraatism  of  the  Middle  Ages — Coperaicus 

. — Copemican  Theory  of  the  Uoivcrse— Vesalius  on  Anatomy — Fal- 

^    kipius  and  Eustnohius,  Analoroists — Gesncr  the  Naturalist — Cicsal- 

pinus  the  Botanist  ^Chemistry  of  Paracelsus  and  Van  Helmont. 

We  have  now  arrived  at  the  beginning  of  Modem  Science 
when  the  foundations  were  laid  of  that  knowledge  which  we 
possess  to-day.  With  the  exception  of  some  original  dis- 
coveries made  by  the  Arabs,  learned  men  during  the  Dark 
Ages  had  spent  their  time  almost  entirely  in  translating  and 
repeating  what  the  Greeks  had  taught ;  till  at  last  they  had 
come  to  believe  that  Ptolemy,  Galen,  and  Aristotle  had 
settled  most  of  the  scientific  questions,  and  that  no  one  had 
any  right  to  doubt  their  decisions.  But  as  Europe  became 
more  civilised,  and  people  had  lime  to  devote  iheir  lives  to 
quiet  occupations,  first  one  observer  and  then  another  began 
to  see  that  many  grand  truths  were  still  undiscovered,  and 
that,  though  the  Greeks  had  learned  much  about  nature,  yet 
their  greatest  men  had  only  made  the  best  theories  they 
could  from  the  facts  they  knew,  and  had  never  intended  that 
their  teaching  should  be  considered  as  complete  or  final 

And  so  little  by  little  real  observations  and  experiments 
b^an  to  take  the  place  of  mere  book-learning,  and  as  sooQ  1 
as  this   happened   science  began  to  advance  rapidly— 
sx  from  this  time  forward  we  can  only  pick  out 
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most  remarkable  among  hundreds  of  men  who  have  added 
to  the  general  stock  of  knowledge;  A  detailed  account  of 
all  the  steps  by  which  the  different  sciences  progressed  would 
fill  many  large  volumes,  and  would  only  be  confusing  except 
to  those  who  already  know  a  great  deal  about  the  subject 
In  tliis  book  we  can  only  throw  a  rapid  glance  over  the  last 
four  centuries  of  modem  science,  and  try  to  understand  such 
new  discoveries  as  ought  to  be  familiar  to  every  educated 
person.  It  is,  therefore,  very  important  to  bear  in  mind 
that  when  we  come  to  a  great  man  who  discovers  or  lays 
down  new  laws,  there  have  always  been  a  number  of  less- 
known  observers  who  have  collected  the  facts  and  ideas  from 
which  he  has  formed  his  conclusions,  although  to  mention 
all  these  men  would  only  fill  the  pages  with  a  string  of  use- 
less names. 

It  is  also  necessary  to  explain  why  the  plan  is  adopted ' 
of  giving  new  discoveries  in  the  order  in  which  they  occurred. 
Each  separate  science  would  no  doubt  have  been  easier  to 
follow,  if  the  account  of  it  had  been  carried  on  without  any. 
break — if,  for  example.  Astronomy  had  been  spoken  of  fiis^' 
then  Optics,  then  Mechanics,  and  so  oa  But  this  arrangfr- 
ment  would  not  show  the  gradual  way  in  which  our  know^ 
ledge  has  grown  from  century  to  century,  nor  how  the  work 
done  in  one  science  has  often  helped  to  bring  out  new 
truths  in  another.  Therefore,  although  by  following  the 
order  of  dates  we  shall  be  forced  sometimes  to  pass  abnipUy 
from  one  subject  to  another,  this  is,  I  believe,  the  best 
method  of  teaching  the  '  History  '  of  Modern  Science. 

Copemican  Theory  of  the  TTnivsrse,  1474>1643.— 
It  was  stated  (p.  32)  that  about  a.d.  100  Ptolemy  formed  a 
'System  of  the  Universe  '  which  supposed  our  little  earth  to 
be  the  centre  of  all  the  heavenly  bodies ;  and  the  sua, 
together  with  all  the  stars  and  planets,  to  move  round  us 
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for  our  use  and  enjoyment.  This  system  had  been  held 
and  taught  in  all  the  schools  for  nearly  fourteen  hundred 
years,  when,  in  the  beginning  of  the  sixteenth  century,  a 
man  arose  who  set  it  aside,  and  proposed  a  better  explana- 
tion of  the  movements  which  we  see  in  the  heavens. 

In  1473,  a  few  years  before  Columbus  sailed  for  America, 
Nicolas  Copernicus,  the  son  of  a  small  country  surgeon, 
was  bom  at  Thorn,  in  Poland.  From  his  earliest  boyhood 
he  had  always  a  great  love  for  science,  and  after  taking  a 
doctor's  degree  at  Cracow,  he  went  as  Professor  of  Mathe- 
matics to  Rome.  About  the  year  1500  he  returned  to  his 
own  country  and  was  made  a  canon  of  Frauenberg,  in 
Prussia.  Here  he  set  himself  to  study  the  heavens  from 
the  window  of  his  garret,  and  often  all  night  long  from  the 
steeple  of  the  cathedral.  At  the  same  time  he  read  care- 
fiiUy  the  esplanations  which  Ptolemy  and  other  astronomers 
had  given  of  the  movements  of  the  sun  and  planets.  But 
none  of  their  theories  satisfied  him,  for  he  could  not  make 
them  agree  with  what  he  himself  observed,  and,  moreover, 
they  required  so  many  unlikely  suppositions  that  it  seemed 
almost  impossible  they  could  be  true.  For  example, 
according  to  the  Ptolemaic  system,  the  movements  of 
Venus  and  Mercury  could  only  be  explained  by  supposing 
a  rigid  bar,  or  something  etguivalent  to  it,  to  be  connected 
at  one  end  with  the  earth,  and  at  the  other  with  the  sun, 
and  these  planets  to  revolve  round  some  jioint  on  the  same 
bar.  The  movements  of  Mars,  however,  being  much  more 
trr^ular,  could  not  be  explained  by  one  bar,  but  required 
that  this  bar  should  have  a  joint  at  some  point  beyond  the 
sun,  so  as  to  form  a  second  bar  revolving  round  the  firet, 
and  even  a  third  joint  and  a  third  bar  were  necessary  to 
account  for  the  whole  of  his  irregularities.     In  order  to  get 

of  this  cumbersome  and  intricate  machinery,  which  was 
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called  the  '  Theory  of  Epicycles,'  Copernicus,  after  twenty 
years  of  labour,  turned  back  to  the  simple  explanation 
which  Aristarrhus  had  given  (p.  21),  and  which  was  called 
the  Pythagorean  System,  namely,  that  the  sun  stands  stiil 
in  the  centre  of  our  system,  and  that  the  earth  and  other 
planets  revolve  round  it 

He  had  made  a  large  quadrant,  that  is,  an  instrument 
for  measuring  the  angular  height  of  the  stin  and  stars, 
and  with  this  he  made  an  immense  number  of  observations 
on  the  different  positions  of  the  sun  during  the  year,  all 
proving  how  naturally  the  movements  of  the  different  planets 
are  explained  by  supjxKing  the  sun  to  stand  still  in  the 
middle.  This  he  wrote  down  in  his  great  work  called  'The 
Revolutions  of  the  Heavenly  Bodies,'  in  which  he  taught  that 
the  earth  must  be  round,  and  must  make  a  journey  every 
year  round  the  sun.  He  gave  his  reasons  for  believing  that 
Ptolemy  was  mistaken  in  believing  the  earth  to  be  the 
centre  of  the  universe,  and  added  a  diagram  of  the  orbits 
of  our  earth  and  of  the  planets  round  the  sua  He  then 
went  on  to  found  upon  this  a  whole  system  of  Astronomy, 
too  complicated  for  us  to  follow  here ;  but  he  did  not  pub- 
lish it,  because  he  was  afraid  of  public  opinion  ;  for  people 
did  not  like  to  believe  that  our  world  is  not  the  centre  of 
the  whole  universe.  At  last  his  friends  persuaded  him  to 
let  his  book  be  printed,  and  a  perfect  copy  reached  him 
only  a  few  days  before  his  death,  which  occurred  in  1543, 
when  he  was  seventy  years  of  age. 

This  work  was  the  foundation  of  modem  astronomy, 
and  the  theory  that  the  earth  and  planets  move  round  the 
sun  has  ever  since  been  called  the  Cofermean  Theory ;  hvt 
at  the  time  it  was  published  very  few  persons  believed  in  it, 
and  it  was  not  til!  more  than  sixty  years  after  the  death  (rf 
Copernicus  that  Galileo's  discoveries  brought  it  into  general 
notice. 
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Work  of  Tesaliua  on  Anatomr,  1642. — While  Co- 
pernicus was  proving  to  himself  that  Ptolemy's  theory  of  the 
heavens  was  not  a  true  one,  a  Belgian,  named  Vesalius,  was 
b^inning  to  suspect  that  Galen,  though  a  good  physician, 
had  described  the  structure  of  man's  body  very  imperfectly, 
because  he  had  only  been  allowed  to  dissect  animals. 

Andreas  Vesalius  was  bom  at  Brussels  in  1514.  When 
he  was  quite  a  boy  he  had  a  passionate  love  for  anatomy, 
and,  as  he  had  some  little  fortune,  he  gave  up  all  his  time 
to  this  study,  and  often  ran  great  risks  in  order  to  get  bodies 
to  dissect ;  for  in  those  days  il  was  still  considered  wicked 
to  cut  up  dead  bodies.  In  the  year  1540  he  became  Pro- 
fessor of  Anatomy  at  the  University  of  Padua,  in  Northern 
Italy,  and  two  years  afterwards,  when  he  was  only  twenty- 
eight  years  of  age,  he  published  his  '  Great  Anatomy,'  in 
which  Human  Anatomy,  or  the  structure  of  man's  body,  was 
carefully  studied  and  described  ;  the  different  parts  being 
illustrated  by  the  most  beautiful  and  accurate  wood  engrav- 
ings, drawn  by  the  best  Italian  artists. 

In  this  book  Vesalius  pointed  out  that  Galen,  having 
learnt  his  anatomy  from  the  bodies  of  animals,  had  described 
incorrectly  almost  all  the  bones  which  are  peculiar  to  man. 
For  example,  in  animals  the  middle  part  of  the  upper  jaw, 
which  holds  the  front  and  eye-teeth,  is  a  bone  separatf  from 
ihe  sides  of  the  jaw,  and  even  in  monkeys  it  remains  sepa- 
rate while  they  are  young ;  but  man  is  torn  with  the  upper 
jaw  all  joined  into  one  solid  piece.  Now  Galen  had  de- 
scribed man's  upper  jaw  as  composed  of  separate  bones, 
and  therefore  it  was  clear  that  he  had  made  his  description 
from  the  skull  of  an  animal.  In  all  instances  like  this,  and 
there  are  many,  in  which  man  differs  from  animals,  Vesalius 
showed  that  it  was  necessary  to  examine  the  human  skele- 
^—Jton,  and  not  to  trust  merely  to  Galen's  teaching. 
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This  was  a  great  step  in  science,  and  yet  people  had 
become  so  accustomed  to  follow  authority  blindly  that 
Vesalius  made  many  enemies  by  venturing  to  think  that 
Galen  could  be  wrong.  It  happened,  unfortunately,  thai 
one  day  when  lie  was  dissecting  the  body  of  a  Spanish 
gentleman  who  had  just  died,  the  bystanders  thought  that 
they  saw  the  heart  throb.  His  enemies  seized  upon  this 
circumstance  and  accused  him  of  dissecting  a  living  man, 
and  the  judges  of  the  Inquisition  would  have  condemned 
him  to  death,  if  Charles  V.  of  Spain,  whose  physician  he 
had  become,  had  not  persuaded  them  to  send  him  instead 
on  a  pilgrimage  to  Jerusalem.  On  his  return  from  this  pil- 
grimage he  was  shipwrecked  on  the  island  of  Zante,  one  of 
the  Ionian  islands,  and  died  of  hunger  when  he  was  only 
fifty  years  of  age.  There  are  of  course  many  faulty  descrip- 
tions in  Vesalius's  work,  for  the  study  of  anatomy  was  at 
that  time  only  beginning  ;  but  he  made  the  first  attempt  to 
appeal  Xo  facts  instead  of  merely  repeating  what  others  had 
taught,  and  by  this  he  earned  the  right  to  be  called  the 
Founder  of  Modem  Anatomy. 

There  lived  at  the  same  time  as  Vesalius  two  other  very 
celebrated  anatomists,  Gabriel  Fallopius,  of  Modena,  and 
Bartholomew  Eustachius,  of  San  Severino,  near  Naples,  who 
both  did  a  great  deal  to  advance  anatomy,  Eustachius 
described  the  tube  running  between  the  mouth  and  the  ear 
which  is  still  called  Eustachian  tube,  and  made  many  very 
useful  experiments  ;  but,  on  the  other  hand,  he  attacked 
Vesalius  very  bitterly  for  his  criticism  of  Galen's  anatomy. 

Gesner'B  WorkB  on  Animals  and  Plants,  IS51- 
1566. — We  now  come  to  one  of  the  most  interesting  Uvea 
of  the  sixteenth  century.  Many  of  us  know  very  little  of 
astronomy  or  anatomy,  but  any  child  who  has  gathered 
flowers  in  the  country  or  looked   at  wild  animals  in   the 


Zool(^ca]  Gardens  must  feel  interested  in  Gesner,  the  first 
man  since  the  time  of  Aristotle  who  wrote  anything  original 
about  animals  and  plants. 

Conrad  Gesner  was  born  at  Zurich  in  1516.  He  was 
the  son  of  very  poor  parents,  and,  being  left  an  oqihan,  was 
educated  chiefly  by  the  charity  of  an  uncle  and  other  friends  ; 
but  his  love  of  knowledge  was  so  great  that  he  conquered 
all  difficulties,  and  after  taking  his  degree  as  a  medical  man 
in  1540,  earned  enough  by  his  profession,  and  as  Professor 
of  Natural  History  at  Zurich,  to  cany  on  his  favourite  studies. 
He  learnt  Greek,  Latin,  French,  Italian,  English,  and  even 
some  of  the  Eastern  languages,  and  read  works  of  science  in 
all  these  tongues;  and  although  he  was  very  delicate,  he 
travelled  all  over  the  Alps,  Switzerland,  Northern  Italy,  and 
France,  in  search  of  plants,  and  made  journeys  to  the 
Adriatic  and  the  Rhine  in  order  to  study  marine  and  fresh- 
water fish.      He  employed  a  man  exclusively  to  dr.iw  figures 

animals  and  plants,  and  he  made  a  zoological  cabinet, 
:h  contained  the  dried  parts  of  animals  arranged  in 
proper  order.  This  was  probably  the  first  zoological 
cabinet  which  ever  existed.  He  also  founded  a  botanical 
garden  at  Zurich,  and  paid  the  expenses  of  it  himself.  He 
took  great  interest  in  studying  the  medical  uses  of  plants, 
and  often  hurt  his  health  by  trying  the  effects  of  different 
herbs.  His  friends  once  thought  he  bad  killed  himself  by 
taking  a  dose  of  a  poisonous  plant  called  '  Doronicum,' 
Leopard's  Bane,'  but  he  recovered,  and  gave  them  a 

it  interesting  account  of  his  own  symiiloms. 

Between  the  years  ijsiand  1565,  GesnerpubUshed  his 
bmous  '  History  of  Animals,'  in  five  parts  ;  two  on  quadru- 
peds, one  on  birds,  one  on  fish,  and  one  on  serpents.  In  this 
book  he  describes  every  animal  then  known,  and  gives  the 
couniiies  it  inhabits  and  the  names  it  has  been  called,  both 
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in  ancient  and  modern  languages.  He  calculates  the  ave- 
rage length  of  its  life  ;  its  growth,  the  number  of  young  ones 
it  will  bring  up,  and  the  illnesses  to  which  it  is  subject ;  its 
instincts,  its  habits,  and  its  use  ;  and  to  all  this  he  adds  care- 
ful drawings  of  the  animal  and  its  structure.  Part  of  his 
information  he  gathered  from  books  and  friends,  but  the 
larger  part  he  collected  himself  with  great  care,  and  to  him 
we  owe  the  first  beginning  of  the  Natural  History  of  Animals 
in  modern  times. 

In  Botany  he  made  the  first  attempt  at  a  true  classifica- 
tion of  plants,  and  pointed  out  thai  the  right  way  to  disco- 
ver which  plants  most  resemble  each  other  is  to  study  theff 
flowers  and  seeds.  Before  his  time  plants  had  been  arranged 
merely  according  to  their  general  appearance  ;  but  he  showed 
that  this  system  is  very  false,  and  that,  however  dilfereftt 
plants  may  look,  yet  if  their  seeds  or  flowers  are  formed 
alike,  they  should  be  classed  in  the  same  group.  He  did 
not  live  to  publish  his  great  work  on  plants,  but  left  draw^ 
ingsof  1500  species,  which  were  brought  out  after  his  death. 

Gesner  also  wrote  a  book  on  Mineralogy,  in  which  he. 
traced  out  the  forms  of  the  crystals  of  different  minerals  an^ 
drew  many  figures  of  fossil  shells  found  in  the  crust  of  the^ 
earth.  The  same  year  that  this  book  was  published  he  died 
of  the  plague.  When  he  knew  that  his  death  was  certain,  ha 
begged  to  be  carried  into  his  museum,  which  he  had  loved 
so  well,  and  died  there  in  the  arms  of  his  wife. 

There  is  something  very  grand  and  loveable  in  the  life 
of  Gesner,  Born  a  poor  boy,  he  struggled  manfully  upwards 
to  knowledge,  and  became  rich  only  to  work  for  science. 
Every  one  loved  him,  and  he  was  well  known  as  a  peace- 
maker among  his  literary  and  scienlific  friends,  and  for  the 
readiness  with  which  he  would  lay  aside  his  own  work  tO' 
help  others.     Yet,  though  he  had  to  earn  his  own  living,  and 
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died  before  he  was  forty-nine,  he  became  tlie  first  botanist 
and  zoologist  of  his  time,  and  left  remarkably  large  and 
valuable  works  behind  him.  He  was  one  of  the  bright 
examples  of  what  may  be  done  by  a  true  desire  for  know- 
ledge, and  a  humble,  honest,  loving  nature  ;  for  while  he 
helped  others,  he  could  never  have  accomplished  what  he 
did  in  zoology  and  botany  if  he  had  not  made  friends  all 
over  the  world,  who  were  ready  to  send  him  information 
whenever  and  wherever  they  were  able. 

First  Classi&CBtion  of  Plants  by  Ciesalpmus,  1G83. 
— Nearly  thirty  years  after  Gesner's  death,  Dr.  Andrew 
Csesalpinus,  a  physician  and  Professor  of  Botany  at  Padua, 
first  tried  to  carry  out  his  system  of  grouping  plants  accord- 
ing to  their  seeds.  He  began  by  dividing  plants  into  trees 
and  herbs,  as  Theophrastus  had  done  (see  p.  1 7).  Then  he 
divided  the  trees  into  two  classes — ist,  those  which  have 
the  germ  at  the  end  of  the  seed  farthest  from  the  stalk,  as 
in  the  walnut,  where  you  will  find  a  iittle  thing  shaped  like 
a  tiny  heart  lying  just  at  the  pointed  end ;  ad,  those  which 
have  the  germ  at  the  end  of  the  seed  which  is  nearest  the 
stalk,  as  in  the  apple.  The  herbs  he  divided  into  thirteen 
classes,  according  to  the  number  of  their  seeds  and  the  way 
in  which  they  are  arranged  in  the  seed-vessels.  Some  plants, 
for  example,  have  a  single  pod  or  seed-vessel,  with  a  number 
of  seeds  inside  it,  as  our  common  pea  ;  others,  hke  the 
poppy,  have  a  seed-vessel  divided  into  a  number  of  Uttle 
cells,  each  filled  with  seeds. 

By  grouping  together  all  the  plants  which  had  the  same 
kind  of  seed-vessel,  Cfesalpinus  made  thirteen  classes,  and 
fonned  a  system  of  plants  which  would  have  been  a  great 
help  to  botanists,  and  would  soon  have  led  them  to  make 
better  systems  if  they  had  followed  it ;  but  it  was  not  gene- 
lUy  adopted,  and  for  nearly  a  hundred  years  longer  many 
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went  on  in  the  old  way,  collecting  and  naming  plants  with- 
out trying  to  classify  ihem.  Ciesalpinus  knew  about  1500 
species  of  plants,  700  of  which  he  had  collected  himself 
He  was  the  first  to  point  out  that  the  use  of  flowers  which 
have  no  seed-vessels,  but  only  stamens  (or  little  thread-like 
stalks,  tipped  with  yellow  powder),  is  to  drop  the  powder  or 
pollen  on  flowers  which  have  only  seed-vessels  and  no 
stamens,  and  by  this  means  to  cause  the  seeds  to  grow  and 
ripen.  Such  plants  which  have  the  stamens  in  one  flou 
and  the  seed-vessel  in  another  are  now  called  Monoecious, 
while  if  the  flower  containing  the  stamens  grows  on  a  dif- 
ferent plant  from  the  one  containing  the  seed-vessel,  such 
plants  are  called  Dicccious. 

GheiuiHtry  of  FaracelauB  and  Tan  Helmont,  1620- 
1800, — There  is  very  little  worthy  of  notice  in  the 
chemistry  of  the  sixteenth  century ;  but  we  must  mention 
in  passing  two  famous  men  :  Paracelsus,  who  was  bom  i 
1493  at  Einsiedel  in  Switzerland,  and  Van  Helmont,  bom 
at  Brussels  in  1577. 

Paracelsus  was  at  one  time  Professor  of  Physic  and  Stu^ 
geiy  at  Gasle,  but  lie  gave  up  his  professorship  and  travelled 
about  Europe  during  ihe  greater  part  of  his  life.  Among 
other  things,  he  pointed  out  that  air  feeds  flame,  and  that, 
if  you  put  iron  into  sulphuric  acid  and  water,  a  peculiar 
kind  of  air  rises  from  it.      He  also  succeeded  in  separating 

\  out  of  a  mixture  of  gold  and  silver  by  using  aquafortis 
or  nitric  acid  which  dissolves  the  silver  and  lets  the  gold  fall 
to  the  bottom  of  the  vessel.  He  did  not,  however,  make 
many  discoveries  which  are  valuable  now,  and  he  taught  a 
great  deal  that  was  absurd  and  bombastic. 

Van  Helmont  was  also  a  wandering  physician,  but  as  a 
chemist  he  was  more  careful  in  his  experiments  than  Para- 
He  seems  to  have  known  a  great  many  difierent 
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gases,  though  he  did  not  describe  them  clearly,  and  he 
particularly  mentions  the  gas  which  rises  from  beer  and 
other  liquids  which  ferment  He  called  this  Gas  sylvestre. 
The  chief  thing  to  remember  about  Van  Helmont  is  that  he 
was  the  first  writer  to  use  the  word  *  gas,'  which  he  took 
from  the  German  word  *  geist,'  meaning  '  spirit' 
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CHAPTER    X. 

SCIENCE   OF   THE   SIXTEENTH   CENTURY   (CONTINUED). 

Battista  Porta — Kircher  —  Dr.  Gilbert — Tycho  Brahe,  the  Danuh 
Astronomer — Kudolphinc  Tables — Galileo  on  Mechanics  and  Ph)r- 
sics— Summnry  of  the  Science  of  the  Sixlecnlh  Cenluiy. 

Battista  Porta'B  DiscoTeries  about  Light,  1560. — The 

next  discovery  in  science  was  about  Ligfit,  and  it  was  made 
by  a  boy  only  fifteen  years  of  age.  Battista  Porta  was  bom 
in  Naples  in  iS4S'  ^^  "^^  ^o  eager  for  new  knowledge, 
that,  when  quite  a  boy,  he  held  meetings  in  his  house  for 
any  of  his  friends  to  read  papers  about  new  experiments. 
These  meetings  were  called  '  The  Academy  of  Secrets,'  and 
in  the  year  1560,  when  Porta  was  fifteen,  he  published  an 
account  of  them  in  a  book  called  Magia  Naturaiis  or 
'  Natural  Magic'  In  the  seventeenth  chapter  of  this  book 
he  relates  the  following  experiment,  which  he  had  made 
himself. 

He  says  he  found  that  by  going  into  a  darkened  room 
when  the  sun  was  shining  brightly,  and  making  a  very  small 
hole  in  the  window-shutter,  he  could  produce  on  the  wall  <rf 
the  room,  opposite  the  hole,  images  of  things  outside  the 
window.  These  images  were  exactly  the  shape  of  the  real 
objects,  and  had  always  their  proper  colours ;  as,  for  example^ 
if  a  man  was  standing  against  a  tree  outside  the  house,  the 
green  leaves  of  the  tree  and  the  different  colours  of  the  man's 
clothes  would  be  clearly  shown  on  the  wall.      There  was 
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oniy  one  peculiarity  about  the  picture,  it  was  always  upside 
down,  so  that  the  roan  stood  on  his  head,  or  the  tree  with 
its  trunk  in  the  air.  The  smaller  the  hole  was,  the  clearer 
were  the  outline  and  the  colours  of  the  image,  and  Porta 
found  that  by  putting  a  convex  iens  (that  is,  a  glass  with  its 
sur&ces  bulging  in  the  centre,  see  p.  49)  into  the  hole  he 
could  get  a  still  brighter  and  clearer  picture  at  a  particular 
point  in  the  room. 


K  Porta  knew  from  the  works  of  Alhazen  that  rays  of  light 
l  are  reflected  in  all  directions  from  every  object,  and  he  ex- 
plained this  image  on  the  wall  quite  correctly,  by  saying 
that  the  small  hole  lets  in  only  one  ray  from  each  point  of 
an  object  outside  the  other  rays,  and  those  from  the  sky 
and  other  objects,  being  kept  out  by  the  shutter.  Thus 
these  single  rays  fall  directly  on  the  wall  without  being 
tningled  with  others,  and  so  make  a  clear  picture.  It  is 
easy  to  see  from  Fig.  7  that  the  image  must  be  upside  down, 
because  the  rays  cross  in  going  through  the  hole.  This 
nmple  discovery  of  Porta's  is  called  the  '  Camera  Obscura,' 
Ot  '  Dark  Chamber.'  You  may  perhaps  have  been  into  one 
at  the  sea-side,  where  they  build  them  for  visitors  to  watch 
the  coloured  reflection  of  the  passers-by.  In  the  camera 
obscura,  as  it  is  now  made,  the  glasses  are  so  arranged  that 
the  figures  are  upright. 

Porta  saw  at  once  how  useful  this  invention  would  be 


I 


for  making  accurate  drawings  of  objects  ;  for,  by  tracing  out 
with  colours  on  the  wall  the  figure  of  the  man  or  tree  as  it 
stood,  he  could  get  a  small  image  of  it  with  ail  its  propor- 
tions and  colours  correct.  But,  what  is  still  more  important, 
he  was  led  by  this  experiment  to  understand  how  we  see 
objects,  and  to  prove  that  Alhazen  was  right  in  saying  that 
rays  of  light  from  the  things  around  us  strike  upon  our  eye. 
For,  said  Porta,  the  little  hole  in  the  shutter  with  the  lens 
in  it  is  Uke  the  little  hole  in  our  eye,  which  also  contains  a 
natural  convex  lens ;  and  we  see  objects  clearly  because  the 
rays  pass  through  this  small  hole.  He  did  not,  however, 
know  which  part  of  our  eye  represents  the  wall  on  which  the 
figure  is  thrown,  nor  why  we  see  objects  upright ;  we  shall 
see  (p.  94)  that  Kepler  discovered  this  many  years  afterwards. 

When  Porta  had  succeeded  in  getting  clear  images  of 
real  things  on  the  wall,  he  began  10  try  painting  artificial 
pictures  on  thin  transparent  paper  and  passing  them  across 
the  hole  in  the  shutter,  and  he  found  that  the  sun  threw  a 
very  fair  picture  of  Ihem  on  the  wall  In  this  way  he  pro- 
duced representations  of  battles  and  hunts,  and  so  made  a 
step  towards  the  Magic  Lantern.  He  seems,  however,  never 
to  have  tried  it  by  lamplight ;  this  was  done  by  Kircher,  a 
German,  about  fifty  years  later.  There  is  no  doubt  that 
Porta  had  a  very  good  notion  of  how  to  use  two  magnifying 
glasses  so  as  to  make  objects  appear  nearer  and  larger,  but 
it  is  not  certain  that  he  ever  really  made  a  telescope. 

Dr.  Gilbert,  the  Founder  of  the  Scienoe  of  Elec- 
tricity, 1640-1603. — It  was  about  this  time,  while  Baptiste 
Porta  was  making  experiments  on  light  in  Italy,  that  an 
Englishman  named  Gilbert  made  the  first  step  in  one  of  the 
most  wonderful  and  interesting  of  all  the  sciences,  namely, 
that  of  Electricity.  So  long  ago  as  the  time  of  the  Greeks 
it  was  already  known  that  amber,  when  rubbed,  will  attract 
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or  draw  towards  it  bits  of  straw  and  other  light  bodies,  and 
it  is  from  the  Greek  word  electron — amber,  that  our  word 
electricity  is  taken. 

Until  the  surteenth  century,  however,  no  one  had  made 
any  careful  experiments  upon  this  curious  fact,  and  it  was  Dr. 
Gilbert,  a  physician  of  Colchester,  who  first  discovered  that 
other  bodies  besides  amber,  will  when  rubbed,  attract  straws, 
thin  shavings  of  metals,  and  other  substances.  You  can 
easily  try  this  for  yourself  by  rubbing  the  end  of  a  stick  of 
common  sealing-wax  on  a  piece  of  dry  flannel,  and  then 
holding  the  rubbed  end  near  to  some  small  pieces  of  light 
papers,  or  some  feathers  or  bran.  You  will  find  that  these 
substances  will  spring  towards  the  sealing-wax  and  cling  to 
it  for  a  short  lime,  being  held  there  by  the  electricity  which 
has  been  produced  by  rubbing  the  sealing-wax. 

Gilbert  showed  that  amber,  jet,  diamond,  crystal,  sulphur, 
sealing-wax,  alum,  and  many  other  substances,  have  this 
power  of  attraction  when  they  are  rubbed,  and  he  also  proved 
that  the  attraction  was  stronger  when  the  air  is  dry  and  cold 
than  when  it  is  warm  and  moist.  This  may  seem  very  little 
to  have  discovered  compared  to  the  wonderful  facts  which 
we  now  know  about  electricity;  but  it  was  the  first  step, 
and  Gilbert's  book  on  '  Magnetism '  (as  he  called  it),  which 
leas  published  in  1600,  must  be  remembered  as  the  earliest 
be^nning  of  the  study  of  elettricity. 

T^oho  Brahfl,  Astronomer,  1646-1601. — We  must 
now  return  to  Asironomy,  in  which  during  the  next  eighty 
years  wonderful  discoveries  were  made  by  three  celebrated 
men,  Tycho  Brahe  the  Dane,  Galileo  the  Italian,  and 
Ivepler  the  German. 

Tycho  Brahe  was  bom  in  the  year  1546.  at  Helsin- 
borg,  a  town  in  Sweden,  which  at  that  time  belonged  to  the 
When    he  was   only   fourteen   he  was  so  much 


astonished  that  the  astronotners  had  been  able  to  foretell 
exactly  the  moment  when  an  eclipse  of  the  sun  took  place 
in  1560,  that  he  determined  to  learn  this  wonderful  science, 
which  cotild  predict  events.  His  father  had  intended  him 
to  be  a  lawyer,  but  Tycho  bought  a.  globe  and  books  with 
his  own  money,  and  studied  astronomy  in  secret ;  till  at 
last  his  family  consented  to  let  him  follow  his  own  inclina- 
tion, and  from  that  time  he  gave  himself  up  to  that  science, 
planning  and  making  the  most  beautiful  instruments  for 
taking  observations  in  the  heavens. 

At  this  time  the  theory  of  Copernicus  had  made  very 
little  impression,  and  Tycho  Brahe  rejected  it  altogether 
and  made  a  theory  of  his  own  called  the  Tychgnic  system, 
which  was,  however,  soon  laid  aside  and  forgotten.  This, 
however,  mattered  very  little,  for  the  useful  work  which 
Tycho  did  was  not  to  lay  down  new  laws,  but  to  collect  an 
immense  number  of  accurate  facts  which  were  invaluable  to 
the  astronomers  who  came  after  him.  For  twenty-five 
years  he  lived  in  the  little  island  of  Huen,  in  the  Baltic, 
which  the  King,  Frederick  II.  of  Denmark,  had  given  him, 
making  accurate  observations  of  the  different  movements  of  i 
the  planet,  and  determining  the  positions  of  the  fixed  stars, 
of  which  he  catalogued  777.  He  built  there  a  magnificent 
observatory,  which  he  called  Uratiimborg,  or  the  City  of 
the  Heavens,  and  filled  it  with  instruments  of  every  kind, 
which  enabled  him  to  keep  a  register  of  the  different  posi- 
tions of  the  heavenly  bodies  night  after  nighL 

When  Frederick  IL  died,  Tycho  was  persecuted  and 
driven  into  exile  by  some  envious  people  who  grudged  him 
the  pension  he  was  receiving.  He  then  went  to  Bohemia, 
under  the  protection  of  the  Emperor  Rudolph  II.,  and  here 
he  drew  up  the  valuable  astronomical  tables  called  the 
Rudolphine  tables,  which,  as  we  shall  afterwards  see,  were 


ORIGIN  OF  THE  PENDULUM-  77 


V 

^Kof  immense  use  to  Kepler.     Tycho  died  in  1601,  before 

^^  Galileo  and  Kepler  made  their  greatest  discoveries. 

Gtalileo'B  Discovery  of  the  Principle  of  the  Pen- 
dulum, and  of  the  Bate  of  Falling  Bodies,  1664-1600. 
— Galileo  del  Galilei  was  bom  at  Pisa  in  1  564.  His  Tather, 
though  of  good  family,  was  poor,  but  being  himself  a  man 
of  talent  and  education,  he  made  great  exertions  to  send 
his  son  to  the  University  of  Pisa,  meaning  to  educate  him 
as  a  doctor.  Here  Galileo  studied  medicine  under  the 
famous  botanist  Ciesalpinus  ;  but  having  also  begun  to  learn 
geometry,  he  became  so  wrapt  up  in  this  pursuit  that  his  father 
found  it  was  useless  to  check  him,  and  therefore  wisely  let 
him  follow  his  natural  bent  It  was  while  he  was  still  at 
the  University,  and  before  he  was  twenty  years  of  age,  thai 
Galileo  made  bis  first  discovery.  When  watching  a  lamp 
CMic  day  which  was  swinging  from  the  roof  of  the  cathedral, 
he  noticed  that,  whether  it  made  a  long  or  a  short  swing, 

Bit  always  took  the  same  time  to  go  from  one  side  to  another. 
yo  make  quite  sure  of  this  he  put  his  finger  on  his  own 
pulse,  and,  comparing  its  throbs  with  each  swing  of  the 
lamp,  found  that  there  was  always  the  same  number  of  beats 
to  every  swing.  Following  up  this  simple  observation  he  dis- 
covered that  a  weight  at  the  end  of  a  cord  will  always  take 
the  same  lime  to  swing  backwards  and  forwards  so  long  as 
the  cord  is  of  the  same  length  and  the  arc  through  which 
the  weight  moves  is  small  This  was  the  beginning  q{ pen- 
dulums, such  as  we  have  now  to  our  clocks,  but  at  first  they 
were  only  used  by  physicians  to  count  the  rate  at  which  a 
patient's  pulse  beats. 

In  1589  Ferdinand  de'  Medici,  Duke  of  Tuscany,  having 
heard  of  Galileo's  talents,  made  him  Lecturer  on  Mathematics 
at  Pisa,  and  it  was  while  he  held  this  post  that  he  made  his 
at  discovery,  which  was  about  falling  bodies.     He  ob- 
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served  that  a  stone  or  any  other  body,  dropped  from  a 
height,  falls  more  and  more  quickly  from  the  rime  it 
starts  till  it  reaches  the  ground,  and  after  many  experi- 
ments he  succeeded  in  calculating  at  what  rate  its  falling 
increases.  At  the  end  of  the  first  second  it  will  be  falling 
at  the  rate  of  32  feet  per  second,  at  the  end  of  two  seconds 
it  will  be  falling  at  the  rate  of  64  feet  per  second,  at  the 
end  of  three  seconds  at  the  rate  of  96  feet  per  second,  and 
so  it  will  continue,  falling  32  feet  faster  every  second  till  it 
reaches  the  ground. 

Galileo  explained  this  increase  of  velocity,  or  quickness 

of  falling,  in  the  following  way  :  It  is  the  weight  of  the  stone, 

he  said,  which  drags  it  down ;  and  when  it  had  been  once 

started  downwards  by  its  weight,  it  would  go  on  moving  at 

the  same  rate  for  ever,  without  any  more  dragging.     But 

the  weight  still  goes  on  pulling  it  down  just  as  much  at  the 

end  of  the  first  second  as  it  did  when  it  started,  and  so  the 

stone  falls,  first  with  the  drag  of  its  start,  then  with  the 

drag  of  the  first  second  added,  then  of  the  next,  and  the 

next  all  added  together,  until  it  reaches  the  ground. 

^^  This  was  quite  a  true  explanation,  so  far  as  it  went,  and 

^M  Galileo  went  on  to  prove  another  fact,  which  sounds  very 

^M  strange  at  first,  namely,  that  if  you  let  two  weights,  one 

^H  light  and  the  other  heavy,  drop  from  the  same  height,  they 

^^         will  both  take  exactly  the  same  time  in  falhng  to  the  ground, 

^H         Galileo  could  not  make  the  learned  men  of  Pisa  believe 

^H         this,  because  Aristotle  had  said  that  a  ten-pound  weight 

^H         would  fall  ten  times  as  fast  as  a  one<pound  weight; 

^H         convince  them  he  carried  different  weights  up  to  the  top 

^H        of  the  Tower  of  Pisa,  and  let  them  fall  before  their  eyes. 

^H        Still,  though  they  saw  them  reach  the  groimd  at  the  same 

^H        moment,  they  would  not  believe,  so  obstinately  were  they 

^B         determined  to  think  with  Aristotle  ;  and  they  actually  an- 
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noyed  Galileo  so  much  on  account  of  his  opinions  that  he 
left  Pisa  and  became  a  professor  at  Padua  in  1592. 

The  best  way  for  you  to  convince  yourself  that  Galileo 
na  right  and  ihey  were  wrong  will  be  to  take  some  large 
soft  clay  balls,  say  five,  each  exactly  the  same  weight,  and 
lei  them  drop  at  the  same  moment  from  the  same  height— 
jou  can  see  al  once  that  they  will  all  reach  the  ground 
t(^ther.  Then  press  four  of  the  balb  one  against  tlie 
Other  so  that  they  stick  together.  They  will  now  be  four 
limes  heavier  than  the  remaining  ball,  and  yet  if  you  let 
them  drop  from  the  same  height  again,  there  is  no  reason 
why  the  four  should  fall  any  faster  merely  because  they  are 
stuck  together  than  when  they  were  separate,  and  so  the  five 
will  reach  the  ground  together  as  they  did  before.  I  have 
said  lake  large  balls,  because  if  they  are  not  toIerabSy  heavy 
(he  air  will  interfere  with  their  falhng  accurately ;  indeed, 
to  make  the  experiment  very  truly  it  ought  to  be  made  in 
a  vaamm,  that  is,  a  space  from  which  the  air  has  been 
pumped  out,  for  it  is  easy  to  see  that  air,  like  water,  will 
buoy  up  a  light  body  more  than  a  heavy  one,  and  so  would 
cause  it  to  be  somewhat  longer  in  falling  But  air-pumps 
were  not  invented  in  Galileo's  time,  so  he  could  not  make 
the  experiment  very  accurately. 

In  theyear  1592  Galileo  estabhshed  another  law  in 
mechanics  which  is  of  great  value,  namely,  that  any  force 
which  will  lift  a  weight  of  two  pounds  up  one  foot  will  lift  a 
weight  of  one  pound  up  two  frtt,  or  in  other  words,  just  as 
much  as  you  make  a  weight  lighter,  so  much  higher  the 
same  force  can  Uft  it.  If  you  double  the  weight,  the  same 
force  will  orily  lift  it  half  as  high  ;  if  you  treble  the  weight, 
it  will  only  lift  it  one-third  as  high,  and  so  on.  I'his  law  is 
of  immense  value  in  determining  the  balance  of  machines, 
^^Bt  we  cannot  examine  it  further  here.     At  about  the  same 
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time  that  Galileo  was  discovering  these  laws  of  motion,  a 
famous  engineer,  named  Stevinus,  of  Bruges,  published  a 
little  book,  in  which  he  made  known  some  very  important 
laws  about  the  rest  and  motion  of  bodies,  which  formed  the 
foundation  of  the  modem  science  of  sialics,  or  the  study  of 
bodies  at  rest 

Oalileo'a  Observations  on  Muaical  Ifotes. — Galileo 
appears  also  to  have  made  some  curious  observations  on 
the  subject  of  sound,  and  it  was  he  who  discovered  that  a 
musical  note  is  produced  by  a  number  of  shocks  following 
rapidly  and  regularly  one  after  the  other,  and  that  the  more 
quickly  one  shock  succeeds  the  other,  the  higher  the  note 
will  be.  He  relates  that  one  day,  when  he  was  scraping  a 
copper  plate  with  an  iron  chisel  to  rub  out  some  spots,  he 
heard  a  whistling  noise,  and  found  on  looking,  that  the  plate 
was  covered  with  fine  streaks  at  regular  intervals,  and  that 
it  was  the  production  of  these  streaks  which  gave  rise  lo  the 
musical  sound.  As  he  moved  his  hand  more  quickly  the 
note  became  more  shriii,  and  the  streaks  closer  together. 
Galileo  knew  that  the  sound  was  caused  by  vibrations  of 
the  particles  of  the  air  set  in  motion  by  the  quivering  of 
the  metal,  and  he  stated  quite  correctly  that  the  reason  he 
heard  a  higher  note  when  the  movement  was  more  rapid, 
was,  that  a  greater  number  of  these  vibrations  struck  os  the 
drum  of  his  ear  in  a  certain  space  of  time,  thus  causing  it' 
to  vibrate  more  rapidly. 

Summary  of  the  Soienoe  of  the  Sixteenth  Cen- 
tury.—And  now  we  must  pause  for  a  moment  in  the  his- 
tory of  Galileo,  for  his  astronomical  discoveries  belong  to 
the  next  century,  and  before  entering  upon  them  we  must 
reckon  up  the  advances  which  had  been  made  in  sciencff 
during  the  past  hundred  years. 

I  think  you  will  agree  with  me  that  at  least  one  gtand 
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step  had  been  made  when  men  learned  to  examine  for  them- 
selves, and  were  no  longer  content  merely  to  repeat  like 
parrots  what  the  Greeks  had  handed  down  to  them.  Coper- 
nicus had  shown  in  astronomy,  Vesalius  in  anatomy,  and 
Galileo  in  mechanics,  that  it  was  no  longer  enough  to  quote 
passages  from  Ptolemy,  Galen,  and  Aristotle;  but  men 
must  take  the  trouble  to  examine  the  works  of  nature  for 
themselves,  if  they  wished  really  to  understand  the  laws  of 
the  Great  Creator. 

This,  in  itself,  was  a  great  advance ;  but  beyond  this 
Copernicus,  by  his  new  system,  had  opened  the  way  for 
grand  astronomical  discoveries,  which  you  will  see  followed 
quickly  in  the  next  century,  and  Tycho,  by  his  long  and 
patient  observations,  had  stored  up  facts  for  the  use  of  those 
who  came  after  him.  In  the  same  way  Vesalius  in  anatomy, 
and  Gesner  and  Cassalpinus  in  natural  historj-,  had  laid  a 
foundation  for  the  regular  study  of  living  beings,  and  had 
roughly  sketched  out  a  plan  of  classification.  In  the  subject 
of  light,  Porta  had  invented  the  camera  obscura,  and  ex- 
plained the  principle  upon  which  it  acts ;  and  in  doing  tJiis 
had  made  important  discoveries  about  the  action  of  light 
Upon  our  eye,  and  the  use  of  lenses,  or  convex  and  con- 
cave glasses,  in  magnifying  objects.  Lastly,  Galileo  had 
discovered  the  principle  of  the  pendulum  and  the  rate  of 
falling  bodies,  and  was  now  on  the  brink  of  the  discovery 
of  the  telescope  and  all  the  wonders  which  it  has  revealed. 

Meanwhile  the  sixteenth  century  closed  with  one  very 
sad  event,  which  must  be  mentioned  here.  Giordano 
Bruno,  a  Dominican  friar,  who  was  born  about  the  year 
1550,  at  Nola  in  Italy,  was  one  of  the  first  people  who 
openly  taught  that  the  Copemican  system  was  true.  He 
ought  to  be  peculiarly  interesting  to  us,  because  he  was  the 
It  person  to  teach  in  England  that  the  earth  moves  round 
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the  sun.  But  poor  Bnino  was  a  very  plain  outspoken  roan, 
and  his  bold  language  brought  him  to  a  sad  but  noble 
death.  Wlien  people  said  he  should  not  spread  the  Coper- 
nican  system  because  it  was  contrary  to  the  Bible,  he 
answered  boldly  that  the  Bible  was  meant  to  teach  men 
how  to  love  God  and  live  rightly,  and  not  to  setde  questions 
of  science.  Most  people  now  would  say  that  Bruno  was 
right,  but  the  judges  of  the  Inquisition  did  not  think  so, 
and  were  so  alarmed  at  his  opinions  that  they  condemned 
him  to  death.  In  the  year  1600,  just  as  the  century  closed, 
Bruno  was  burnt  at  the  stake  in  Rome  as  an  atheist,  partly 
because  he  insisted  on  repeating  that  the  earth  is  not  the 
centre  of  the  universe,  and  that  there  may  be  other  in- 
habited worlds  besides  ours. 


C»^IVor*iamnilleii.—V/bevieU'3  '  Inductive  Sciences  ;' Brewster's 
'Optica;'  Brewster's  'Martyrs  of  Science,'  1874;  ■  Encyclopedia 
Britiunica,'  art.  '  Astronouiy  ; '  Drinkwater's  'Life  of  Galileo;* 
Rossiter's  'Mechanics,'  1873;  Cuvier,  '  Histoire  des  Sciences  Natn- 
lellesi'  Baden  Poweli's 'NiUtind  Philosophy.' 
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CHAPTER  xr. 

SCIENCE  OF  THE  SEVENTEENTH  CENTURY. 

Discoveries  of  Galileo — The  Inquisition  force  him  to 
deny  Ihe  Movement  of  the  Earth — Blindness  snd  Death. 

ABtroDomical    Disooveries    of   Galileo,   ieOB-1642.— 

The  seventeenth  century  was  not  many  years  old  when 
GaLleo  st.irtled  the  world  with  discoveries  such  as  had 
never  been  heard  of  before.  He  relates  that  when  quite  a 
young  man  he  was  so  struck  with  an  account  given  by  some 
of  his  companions  of  a  lecture  on  the  Copemican  theory, 
that  he  determined  to  study  it,  and  he  soon  became  con- 
vinced of  its  truth.  Nevertheless,  he  saw  how  difficult  it 
would  be  to  pnK'e  that  the  earth  moves  round  the  sun,  and 
not  the  sun  round  the  earth. 

When  he  went  to  Padua  he  gave  a  great  deal  of  time  to 
Ihe  study  of  astronomy,  and  had  already  made  some 
remarkable  observations,  when  one  day,  in  the  year  1609, 
being  in  Venice,  he  heard  that  a  Dutch  spectacle-maker  had 
invented  an  instrument  which  made  distant  things  appear 
close  at  hand. 

This  discovery,  which  Bacon  and  Porta  had  foreseen, 
was  made  at  last  almost  by  accident  in  Holland,  by  two 
specific Ic- makers,  Zacharias  Jansen  and  Henry  Lippershey. 
It  is  related  that  Jansen's  children,  when  playing  one  day 
with  two  powerful  magnifying  glasses,  happened  to  place 
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H  ihera  one  behind  the  other  in  such  a  position  that  the 

F  weathercock  of  a  church  opposite  the  house  seemed  to  them 

nearer  and  larger  than  usual,  and  their  father,  when  he  saw 

this,  fixed   the   glasses  on  a  board  and  gave   them  as  a 

curiosity  to  Prince  Maurice  of  Nassau.     Whether  this  story 

I  be  true  or  not,  il  is  certain  that  in  the  year   1609,  both 

Jansen  and  I.ippershey  made  these  rough  telescopes  as  toys, 
though  they  did  not  know  how  useful  they  might  be.  But 
when  GaUleo  heard  of  it  he  saw  what  valuable  help  it  might 
afford  in  studying  the  heavens  ;  and  he  set  to  work  immedi- 
ately, and  soon  succeeded  in  making  a  useful  instrument. 
A  diagram  of  Galileo's  telescope  is  given  in  Fig.  8,  It 
was  made  on  the  same  principle  as  opera-glasses  are  now, 
with  one  comiex  lens  a  b,  which  makes  the  rays  ftom  the 
object  bend  inwards  or  converge,  and  one  coruave  lens  C  D, 
which  makes  them  bend  outwards  or  diverge  before  they 
come  to  a  focus.      In  Fig.  8  one  complete  cone  of  rays  is 

*  drawn  coming  from  the  point  ni,  and  the  outline  of  another 

cone  from  the  point  n  ;  there  are  really  similar  cones  coming 
from  all  points  along  the  airow,  but  il  is  impossible  to  give 
these  in  a  diagram.  Each  set  of  rays,  as  they  fall  on  the 
lens  A  B,  are  made  to  converge,  so  that  they  would  end  in  a 
point  or  focus,  if  they  were  not  caught  by  the  lens  c  d. 
But  this  lens  having  its  surfaces  curved  inwards  makes  the 
rays  bend  outwards  or  diverge  again,  so  that  the  end  of  the 
cone  m  reaches  the  eye  in  parallel  tines  at  m  m  and  the 
cone  «  at  n'  n.  From  the  eye,  as  you  will  remember 
(see  p.  49),  we  follow  them  out  in  straight  lines,  and  see 
the  image  at  the  angle  m  17  n,  so  that  it  appears  greatly 

I  magnified.      If  you  look  at  any  object  through  one  tube  of 

an  opera-glass,  and  keep  the  other  eye  open  so  as  to  see  the 
object  at  its  natural  distance,  you  can  cover  the  real  image 
with  the  magnified  one,  and  thus  see  the  magnifying  power 
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of  your  glass.  But  when  you  do  not  compare  them  in  this 
way  you  do  not  reaJise  how  much  ihe  object  is  enlarged, 
because  it  appears  to  come  nearer,  so  as  to  be  at  some 
point  between  m  n  and  c,  and  consequently  to  be  less 
magnified.      I  must  warn  you  that  both  in  this  diagram  and 
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the  one  at  p.  95  the  proportions  are  very  much  distorted, 
because  a  star  or  even  a  house  would  be  an  immense  dis- 
tance off  as  compared  with  the  length  of  a  telescope,  where- 
as, in  the  drawing,  the  arrow  must  be  placed  as  near  to  the 
lenses  as  they  are  10  each  other. 

Secondary  Light  of  the  Moon. — Galileo's  first  tele- 
scope only  magnified  three  times,  that  is,  made  an  object 
three  times  lai^er ;  but  he  made  a  second  which  magnified 
eight  times,  and  then  he  turned  it  to  the  moon  and  began 
to  examine  the  surface  of  that  satelhte.  He  saw  the  moun- 
tains of  the  moon,  and  the  deep  hollows  biuied  in  darkness, 
and  the  wide  plains  which  he  mistook  for  oceans.     Then  he 

iced  that  curious  light  called  the  secondary  light,  which 
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may  be  seen  on  the  dark  side  of  the  moon  when  only  one 
quarter  of  it  is  bright  and  shining.  Galileo  discovered  that 
this  curious  light  is  a  reflection  from  the  earth  j  for  you  must 
know  that  we  reflect  the  sun's  light  baclc  to  the  moon  just 
in  the  same  way  as  the  moon  does  back  to  us,  and  at  the 
time  when  we  see  a  new  moon,  the  man  in  the  moon  (if 
there  were  such  a  person)  would  see  a  large  full  earth,  and 
could  wander  about  at  nigbt  by  earth-light  as  we  do  by  moon- 
light Look  up  at  the  new  moon  just  about  dusk  in  the 
evening,  and  if  it  is  a  clear  night  you  will  most  likely  be 
able  to  see  a  faint  outline  of  the  dark  side  of  the  moon, 
which  is  caused  by  our  earth-light  shining  upon  it 

Jupiter's  Udoona. — When  Galileo  had  studied  the  moon 
and  gazed  with  intense  delight  on  the  myriads  of  tiny  stars 
in  the  Milky  Way,  he  next  turned  his  telescope  to  the  planet 
Jupiter.  To  his  great  surprise  he  saw  three  small  shining 
bodies  hke  stars  close  to  Jupiter,  which  were  quite  invisible 
to  the  naked  eye.  Two  of  them  were  on  the  east  side  of 
the  planet  and  the  other  on  the  west.  He  waited  eagerly 
for  the  second  night,  to  see  if  Jupiter  would  move  away  from 
these  stars,  but  he  found  them  still  together,  only  the  two 
stars  which  had  been  on  the  east  side  had  now  moved  round 
to  the  west,  and  they  were  nearer  to  each  other  than  they 
had  been  before.  He  was  quite  puzzled  as  to  how  this  could 
have  happened,  and  watched  and  watched  for  many  nights 
whenever  the  clouds  would  allow  him  ;  and  at  last,  on  the 
fourth  night  after  he  had  first  seen  them,  he  came  to  the 
conclusion  that  all  three  stars  were  moving  round  and  round 
Jupiter,  as  the  moon  goes  round  our  earth.  A  few  nights 
later  he  found  that  there  was  a  fourth  sLir  which  went  round 
with  them  ;  and  so  Galileo  discovered  Jupiter's  four  moons 
in  the  year  1 6 1  o. 

This  was  the  first  fact  in  favour  of  the  Copemican  theory 
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vhich  ordinary  people  could  understand.  The  planets  had 
tjll  now  been  looked  upon  simply  as  lights  in  the  slcy  moving 
round  ihe  earth ;  but  now  it  could  not  be  doubted  that 
Jupiter  at  least  was  something  more  than  this,  for  he  had  a 
system  like  our  own,  with  four  moons,  to  give  him  light  by 
night,  instead  of  ore.  Many  people  were  terribly  alarmed 
3t  ihe  fact  that  our  little  earth  should  not  be  the  central 
body  in  the  heavens,  because  they  had  hitherto  believed 
that  the  sun,  moon,  and  stars  had  all  been  created  for  our 
use  only,  and  this  could  scarcely  be  if  our  world  was  only 
one  of  many  bodies  moving  round  the  sun.  Some  astro- 
nomers would  not  believe  that  Galileo  had  really  seen 
Jupiter's  moons;  one  was  even  so  foolish  as  to  refuse  to 
look  through  the  telescope,  for  fear  he  should  see  them. 

Phases  of  Tenos- ^Galileo,  however,  now  felt  sure 
that  his  new  instrument  would  help  him  to  read  wonderful 
tratlis  in  the  beautiful  universe  of  God,  and  he  threw  his 
whole  heart  and  soul  into  Ihis  grand  study.  It  was  not  long 
before  he  discovered  another  proof  that  the  planets  move 
round  the  sun  and  not  round  the  earth.  When  he  first  saw 
the  planet  Venus  through  the  telescope  she  was  round,  but 
happening  to  look  at  her  one  day,  when  she  was  almost  be- 
tween the  earth  and  the  sun,  he  saw  her  in  the  form  of  a 
crescent  like  a  new  moon.  Struck  by  this,  he  continued  to 
observe  her  night  after  night  till  she  had  made  the  whole 
)oimtey  round  the  sun,  and  he  proved  to  himself  that  she 
went  through  the  same  changes  as  our  moon,  from  a  crescent 
ahape  to  a  full  round  face.  This  was  just  what  she  would 
be  eitpected  to  do  if  she  and  we  both  travelled  roimd  the 
sun,  whereas  if  she  travelled  round  some  fixed  point  between 
the  earth  and  the  sun,  as  was  supposed  by  the  Ptolemaic 
system,  she  could  not  exhibit  these  phases.  Thus  for  the 
-^;cond  time  Galileo  proved  that  the  Copemican  tlieory 
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He  next  turned  his  attention  to  Saturn,  and  before  the 
end  of  the  year  he  had  made  out  that  this  planet  was  not 
single,  but  had  something  on  each  side  of  it  which  he  thought 
were  two  small  stars.  This  was  Saturn's  ring,  but  Galileo's 
telescope  was  not  powerful  enough  for  him  to  see  it  clearly. 
In  the  year  1659  another  famous  astronomer,  named 
Huyghens,  saw  the  ring  through  a  much  better  telescope, 
and  described  it  (see  Chapter  XXI,) 

Ehm-Spots.- — Galileo  had  now  a  great  wish  to  go  to 
Rome,  so  that  he  might  show  the  new  wonders  he  had  dis- 
covered to  the  learned  men  who  lived  in  that  city, 
accordingly  carried  his  telescope  there  in  1611,  and  set  it 
up  in  the  Quirinal  Garden.  U  was  there  that  he  first  noticed 
the  dark  spots  on  the  tace  of  the  sun,  and  observed  that  they 
were  not  always  of  the  same  shape,  but  that  two  or  three 
would  sometimes  run  into  one,  or  that  one  would  divide  it- 
self into  three  or  four.  These  spots,  which  even  now 
only  partly  be  explained  by  astronomers,  were  observed  by 
several  other  men,  especially  by  an  English  astronomer 
named  Harriot,  about  the  same  time  as  by  Galileo.  But 
Galileo  made  a  special  use  of  his  discovery,  for  he  pointed 
out  that  the  spots  move  round  regularly  in  about  twenty- 
eight  days,  disappearing  on  one  side  of  the  sun  and  re- 
appearing after  some  time  on  the  other.  This  proved  that 
the  sun  turns  round  ujxjn  its  own  axis  in  twenty-eight  days. 

Galileo  before  the  Inquiaition. — And  now  we  c 
to  the  sad  part  of  Galileo's  history.  He  was  well  received  in 
Rome,  and  the  Pope  even  gave  him  a  pension  of  a  hundred 
crowns ;  but  the  judges  of  the  Inquisition,  who  had  caused 
Bruno  to  be  burnt  alive,  became  uneasy  that  Galileo  should 
teach  so  many  new  things,  and  especially  that  he  should 
prove  that  our  earth  was  not  the  centre  of  everything,  but 
mere  speck  among  the  numberless  stars  and  planets  in  tl 
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heavens.  They  therefore  sent  for  Galileo,  in  the  year  i6 16, 
and  threatened  to  punish  him  unless  he  would  promise  to 
hcJd  his  tongue  about  this  new  theory.  Galileo,  however, 
would  nol  be  silent ;  surrounded  by  l\is  Uttle  circle  of  admir- 
ing pupils,  he  could  not  refrain  from  spreading  wherever  he 
went  the  grand  facts  he  had  discovered  and  the  truths  they 
taught  He  was  impatient  that  the  world  should  not  see  as 
clearly  as  he  did  how  glorious  the  universe  is  when  rightly 
undeistood,  and  he  often  spoke  and  wrote  sharply  and  sar- 
castically of  those  who  would  not  listen  to  the  truth. 

At  last,  in  1632,  he  wrote  a  book  called  'The  System 
of  the  World  of  Galileo  GaJilei,"  in  which  he  clearly  proved 
the  truth  of  the  Copemican  theory,  and  alluded  very  angrily 
to  the  attempt  which  the  Inquisition  had  made  to  force  him 
to  be  silent  This  book  convinced  many  people,  but  at  the 
same  time  it  roused  the  anger  of  the  judges  of  the  Inquisition. 
They  summoned  Galileo  (then  an  old  man  seventy  years  of 
age)  to  appear  again  before  them  ;  an<l  this  time  they  made 
him  kneel,  clothed  in  the  sackcloth  of  a  penitent,  and  swear 
with  his  hands  upon  the  Gospels  that  '  it  was  not  true  that 
the  earth  moved  round  the  sun,  and  that  he  would  never 
again  in  words  or  writing  spread  this  damnable  heresy.'  It 
is  veiy  sad  to  think  that  Galileo  should  thus  swear  to  what 
he  knew  was  a  lie  ;  but  it  is  still  more  sad  that  men  holding 
thcii  power  in  the  name  of  God  should  force  him  to  choose 
between  telling  a  lie  or  being  put  to  torture  or  to  death  as 
Giordano  Bnino  had  been.  When  Galileo  rose  from  his 
knees  it  is  said  that  he  stamped  his  foot  and  whispered  to 
a  friend  :  '  E  pur  si  tnuoi'e '  ('  Nevertheless  it  does  move'). 

After  a  time  he  was  allowed  to  go  back  to  his  own 
home,  but  never  again  to  leave  it  without  the  Pope's  per- 
mission. He  went  on  with  his  studies,  and  made  many 
il  observations;  but  in  the  year  1636  his  sight  began  to 
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fait,  and  he  soon  became  totally  blind.  At  this  time  he 
wrote  to  an  acquaintance  these  touching  words :  '  Alas  I 
your  dear  friend  and  servant  has  become  totally  and  irrepar- 
ably blind.  These  heavens,  this  earth,  this  universe,  which 
by  wonderful  observation  I  had  enlarged  a  thousand  times 
beyond  the  belief  of  past  ages,  are  henceforth  shrunk  into 
the  narrow  space  I  myself  occupy.  So  it  pleases  God, 
it  shall  therefore  please  me  also,'  He  died  January  a8, 
164a,  in  his  seventy-eighth  year;  having  accomplished  his 
work.  In  spite  of  all  opposition  his  discoveries  had  firmly 
established   the    truth  of  the    Copcmican   system    of  the 
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CHAPTER    XII. 

SCIENCE   OF  THE   SEVENTEENTH   CENTURY  (CONTINUED). 

the  German  Aslronomer — His  discoveries  in  Optics — -His  three 
I — -Comparison  of  the  Inbours  of  Tycho,  Galileo,  and  Kepler. 
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1671-1630.— While  Galileo  was  occupied  in 
■discovering  unknown  worlds  with  his  telescope,  another 
&inous  astronomer,  named  Johannes  Kepler,  was  working 
out  three  grand  laws  about  the  movements  of  the  planets. 
John  Kepler  w^sbom  in  157 1.  His  parents,  though  noble, 
were  poor,  and  always  in  difficulties,  but  in  spite  of  all 
obstacles  he  managed  to  educate  himself,  and  even  to  take 
his  degree  at  the  University  of  Tubingen.  In  1594  he 
iras  made  Professor  of  Astronomy  at  Gratz,  in  Stj'ria,  and 
while  there  he  began  his  attempts  to  discover  the  number, 
size,  and  orbits  of  the  planets,  but  at  first  with  no  success. 
In  1597,  when  the  Catholics  at  Gratz  rose  against  the 
Protestants,  Kepler,  being  a  Protestant,  was  forced  to  leave 
the  city,  and  would  have  been  in  great  difficulties  if  his 
friend  Tycho  Brahe  had  not  invited  him  to  come  to  Prague 
as  his  assistant  in  the  observatory.  Here  Kepler  worked 
with  Tycho  at  his  astronomical  tables,  called  the  'Rudolphtne 
Tables,'  in  honour  of  the  Emperor  Rudolph ;  and  when 
Tycho  died,  in  1601,  he  succeeded  him  as  principal  mathe- 
itician  to  the  Emperor. 
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Eepler  on  OptioB,  1604 — Although  Kepler  is  chiefly 
known  as  a.n  astronomer,  his  hist  work,  published  in  1604, 
was  on  Optics,  aiid  in  it  he  points  out  most  beautifully  the 
true  use  of  the  difTerent  parts  of  the  eye.  He  was  much 
struck  with  Porta's  idea  that  the  eye  is  like  a  camera  obscura, 
and  he  proved  that  the  rays  of  light,  after  passing  through 
the  lens  of  the  eye,  form  a  real  picture  upside  down  on  the 
fine  network  of  nerves  called  the  retina,  at  the  back  of  the 
eye,  and  are  then  conveyed  by  the  optic  nerve  to  the  brain. 
He  also  pointed  out  that  the  reason  why  we  do  not  see 
s  upside  down  is  that  since  our  mind  follows  out  each 
ray  in  a  straight  line,  the  ray  appears  to  cross  back  again  on 
the  lens  of  the  eye,  and  we  see  them  as  if  they  had  never 
been  inverted.  This  is,  however,  a  question  still  undecided 
by  physiologists, 

Kepler  invented  a  much  more  powerful  telescope  tfaaa 
the  one  which  Galileo  had  made.  You  will  see  by  turning 
back  to  p.  88  that  the  fault  of  Gableo's  telescope  was  that 
it  made  the  rays  diverge  or  bend  outwards,  just  as  they 
reached  the  eye,  and  in  this  way  many  of  them  passed  out- 
side and  were  lost  Kepler  avoided  this  by  using  two  convex 
lenses.  In  his  telescope  (see  Fig.  9),  the  rays  from  the 
object  m  ft,  after  converging  on  the  lens  a  b  comes  to  a 
focus  at  m'  «'  where  they  make  a  real  image  of  the  arrow 
upside  down.  If  you  could  put  a  piece  of  thin  transparent 
paper  at  the  point  m'  «'  in  a  telescope,  you  would  see  an  in- 
verted picture  of  the  object  upon  it.  The  rays  from  thi« 
image  falling  on  the  lens  c  D,  are  again  bent  inwards,  as  by 
die  ordinary  magnifying  glass  {see  p.  49),  and  thus  by  follow- 
ing them  out  in  straight  lines  the  eye  sees  a  magnified  arrow 
Upside  down  at  some  point  between  c  d  and  m  n.  Kepler's 
telescope  is  called  the  '  Astronomical  telescope.'  It  has  a 
much  larger '  field  of  view '  than  Galileo's ;  that  is,  it  enables 
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you  to  sec  over  a  larger  space  at  one  time  ;  but,  on  the  other 
hand,  it  turns  CTerything  upside  down.  In  making  astrono- 
mical observations  it  is  not  of  much  importance  which  part 
of  a  star  is  uppermost ;  but  for  lerreslrial  telescopes  another 
lens  has  to  be  put  in  to  bring  the  images  back  to  their  right 
positions,  and  since  Kepler's  time  many  other  improvements 
have  been  made. 


■  first  Lav,  1600. — After  Tycho  Brahe's  death 
^ler  went  on  working  at  the  '  RudoLphine  Tables,'  and 
this  led  him  to  consider  i^aln  the  movements  of  the  planets, 
and  to  try  and  find  a  theory  to  explain  the  path  or  orbit  of 
the  planet  Mars.  Mars  is  the  planet  which  stands  fourth 
from  the  sun  ;  Mercury  is  nearest  to  the  sun,  then  comes 
Venus,  then  our  earth,  and  then  outside  our  earth  is  Mars. 
Tycho  had  noted  in  his  ubies  the  places  ai  which  the  planet 
had  been  seen  at  certain  periods ;  and  from  these  observa- 
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ttons  Kepler  calculated  where  it  ought  to  arrive  at  other 
fixed  times  if  it  moved  in  a  circle,  as  the  earlier  astronomeis 
had  supposed.  But  he  found  that  it  did  not  arrive  there 
as  computed,  and  he  was  so  sure  that  Tycho's  observations 
were  exact  that  he  said  boldly,  'All  the  theories  must  be 
wrong  if  they  do  not  agree  with  what  Tycho  saw.'  So  he 
puzzled  on,  trying  one  esplanation  after  another,  until  at 
last  he  discovered  three  remarkable  laws,  by  which  the 
movements  not  only  of  Mars,  but  of  all  the  other  planet% 
are  explained. 

The  first  of  these  laws  is  that  planets  move  round  the 
sun  in  ellipses  or  ovals,  and  not  in  circles.  You  know  that 
to  draw  a  circle  you  put  one  leg  of  the  compasses  into  a 
spot  and  draw  the  other  leg  round  it,  and  the  middle  spot 
is  called  the  centre  or  focus.  But  to  draw  an  ellipse  yoa 
must  have  two  focuses  or  foci.  To  understand  this,  stick 
two  pins  a  little  distance  apart  in  a  piece  of  paper,  and 
fasten  a  string  to  them  by  its  two  ends.  Place  a  pencil 
upright  in  the  string,  so  as  to  keep  it  tightly  stretched,  and 
draw  the  pencil  round  first  on  one  side  then  on  the  other. 
Vou  will  then  have  an  ellipse,  and  the  two  pin-holes  will  be 
the  two  focL  Draw  the  sun  in  one  of  the  foci  and  a  round 
globe  on  some  part  of  the  ellipse,  and  you  will  have  a  figure 
of  the  path  of  our  earth  or  any  of  the  planets  round  the  sun. 
You  will  find  that  the  farther  you  put  the  pins  apart  the 
flatter  the  ellipse  will  be.  The  path  or  orbit  of  the  planet 
Mercury  is  much  more  elliptical  than  the  orbit  of  the  EartlL 
Another  difference  in  the  orbits  of  the  planets  is  that  they 
do  not  all  lie  in  the  same  direction,  though  they  all  have  the 
sun  as  one  of  their  foci.  For  instance,  in  Fig.  lo  the  orbit 
of  the  planet  a  has  the  sun  for  one  focus  and  the  dot  c  for 
the  other,  while  the  orbit  of  the  planet  b  has  the  sun  for  one 
focus  and  the  dot  d  for  the  other,  and  this  makes  the  two 
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orbits  lie  in  a  different  direction.     Kepler's  first  law,  then, 

was  that  planets  move   in 

tUipies. 

Kepler's  Second  Law, 
1608. — His  second  law  was 
about  the  rate  at  which  pla- 
nets move.  He  found  from 
Tycho's  tables  that  they  all 
moved  more  quickly  when 
tbey  were  near  the  sun 
than   when   they  were   far  Fit.  lo. 

from  it,  and  after  an  im- 
mense number  of  calculadons  he  found  the  following 
rule.  If  you  could  draw  a  line  from  the  sun  to  any  planet 
on  the  first  day  of  each  month  of  the  year,  you  would  en- 
close a  number  of  spaces,  such  as  n,  b,  c,  d,  etc.,  in  Fig.  1 1, 
uul  each  of  these  spaces  would  be  the  same  size  although  not 
the  same  shape.  For  instance, 
the  planet,  when  travelling  from 
I  to  2  near  the  sun,  would  go 
very  quickly  and  pass  over  a 
,  number  of  miles,  while  when 
travelling  from  6  to  7  it  would 
go  slowly  and  pass  over  com- 
paratively few  miles.  And  yet 
the  space  /  will  be  exactly  the 
same  site  as  the  space  a,  only 
it  will  be  long  and  thin  instead 
r  thoTt  and  broad.  Kepler's  second  law,  therefore,  was 
It  plattels  dacribe  e^ual  areas  about  the  sun  in  equal  times. 
Not  many  months  after  Kepler  published  these  two  laws, 
>  heard  of  Galileo's  discoveries  with  his  telescope — that 
tcr  had  four  satellites,  and  that  Venus  had  phases  like 
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our  moon,  which  proved  that  she  moved  round  the  sun.  You 
may  imagine  how  delighted  he  was  to  find  the  Copemican 
theory  made  so  much  more  certain,  and  to  see  that  the 
telescope  was  opening  the  way  for  so  many  new  discoveries. 
'  Such  a  fit  of  wonder,'  he  said,  '  seized  me  at  this  report, 
and  1  was  thrown  into  such  agitation,  that  between  the  joy 
of  the  friend  who  told  me,  my  imagination,  and  the  laughter 
of  both,  confounded  as  we  were  by  such  a  novelty,  we  were 
hardly  capable,  he  of  speaking  or  I  of  listening,' 

For  many  years  after  this  Kepler  was  beset  with  troubles 
The  Emperor,  being  at  war  with  his  brother  Matthias,  had 
no  money  to  spare  for  salaries.  Kepler  was  thus  harassed 
by  poverty ;  his  favourite  son  died  of  the  small-pox,  which 
the  troops  had  brought  into  the  city,  and  his  wife  died  of 
grief  not  long  afterwards.  It  was  not  till  the  year  1618, 
after  he  had  re-married  and  had  been  rescued  from  his 
poverty  by  the  new  Emperor  Matthias,  that  the  unfortunate 
astronomer  had  energy  and  leisure  to  turn  again  to  his 
favourite  planets. 

Kapler's  Third  Law,  1618. — It  was  in  that  year  th«t 
he  worked  out  with  immense  labour  his  third  and  most 
famous  law — by  which  he  showed  how  much  longer  the 
planets  were  going  round  the  sun,  according  as  they  weie 
farther  off  from  it  This  is  difficult  to  understand,  but  we 
must  try  to  form  some  idea  of  it.  He  did  not  know  in 
figures  how  far  each  planet  was  from  the  sun,  but  he  knew 
the  proportion  of  their  distances,  as  for  example,  that  Mais 
is  4  times  and  Jupiter  13J  times  farther  off  from  the  sun 
than  Mercury,  and  he  also  knew  how  long  each  was  in  going 
round  the  sun,  and  from  these  two  facts  he  worked  the 
following  rule.  — - 

If  you  take  any  two  planets  and  cube  their  distances  from 
the  sun  and  then  square  the  time  each  takes  In  going  round 
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the  sun,  the  two  squares  of  the  time  will  bear  the  same  pro- 
poition  to  each  other  as  do  the  two  cubti  of  the  distance. 
For  instance.  Mars  is  4  times  as  far  from  the  sun  as  Mer- 
cury, and  therefore  it  is  8  times  as  long  going  round  it,  . 
because  the  cube  of  4  (or  4  X  4  x  4)  is  64,  and  the  square 
of  8  (or  8  X  8)  is  also  64.  Thus  the  cube  of  Mercury's 
distance  as  compared  with  that  of  Mars  is  i  to  64,  and  the 
square  of  their  periodic  times  of  going  round  is^also  as  i  to 
64.  This  law  holds  equally  true  of  all  the  planets,  and  is 
ejipressed  in  scientific  language  thus  :  '  The  squares  of  the 
periodic  times  of  the  planets  are  proportional  to  the  cubes  of 
their  distances' 

These  three  laws  of  Kepler  were  very  great  discoveries ; 
especially  the  last  one,  which  cost  him  years  of  labour  and 
calculation.  He  was  so  astonished  and  delighted  when  he 
had  proved  it,  that  he  told  a  friend  he  thought  at  first  it 
must  be  only  a  happy  dream  that  he  should  have  succeeded 
at  last  after  so  many  failures. 

After  this  Kepler  wrote  and  published  many  books,  but 
he  made  no  more  im])ortant  discoveries.  The  Rudolphine 
Tables  were  at  last  published  in  1628,  and  Kepler  received 
a  gold  chain  from  the  Grand  Duke  of  Tuscany  for  his  ser- 
vices to  Astronomy ;  but  still  he  could  not  obtain  the  pay- 
ment of  his  salary,  and  money  difficulties  pressed  upon  hira. 
His  anxiety  threw  him  into  a  violent  fever,  and  he  died  m 
1630  at  sixty  years  of  age. 

Work  done  in  Scienoe  by  Tyoho  Brahe,  OalUeo, 
and  Kepler, — It  will  be  instructive  to  notice  here  how 
very  different  these  three  astronomers,  Tycho,  Galileo,  and 
Kepler  were,  and  yet  how  they  each  did  their  own  part  to 
add  to  our  knowledge.  Tycho  was  a  man  who  collected 
bets:  his  work  was  drj',  and  his  tables  were  a  mass  of  figures, 
«ch  as  roost  people  would  think  very  uninteresting ;  yet  if 
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t  his  life  in  this  dry  conscientious 
Kepler  could  never  have  discovered  his  laws.  Galileo  was 
a  warm-hearted  enthusiastic  observer ;  he  loved  the  beauty 
of  (he  heavens,  and  knew  how  to  make  others  love  it  too ; 
every  observation  he  made  he  told  in  popular  language  to 
the  world,  and  taught  people  the  truth  of  the  Copemicaa 
theory  by  showing  them  plainly  how  they  couid  prove  it  for 
themselves,  if  they  chose  to  look  at  the  heavens.  Kepler 
was  quite  different  from  either  Tycho  or  Galileo  ;  he  was  a 
mathematician,  and  worked  everything  out  in  his  own  brain 
by  accurate  methods.  He  took  Tycho's  observations,  which 
he  knew  were  true,  and  turned  them  this  way  and  that  way, 
working  out  now  one  calculation,  now  another,  and  always 
throwing  them  aside  if  they  were  not  exactly  true.  He  spent 
years  over  his  attempts,  but  it  was  worth  while,  for  he 
arrived  at  three  true  laws,  which  will  remain  for  ever.  There 
was  only  one  point  he  had  not  reached ;  he  knew  that  his 
laws  were  true,  but  he  did  not  know  why  they  were  true, 
This  was  left  for  Npwton  to  demonstrate  nearly  fifty  yean 
afterwards. 


C*»/»'<»-iiiw«ju//nC,— Brewster's 'Martyrs  of  Science  j'Hendltl't 

'  Astronemj  ; '  Demson's  'Astronamy  without  Mnlhemalics  ;'  Aity^ 
'  Poptlkr  Astronomy  ;'  Drinkwalcr's  '  Life  of  Kepler  ;'  Baden  Powell't 
'  Histoiy  of  Natural  Philosophy.' 
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SCIEMCE   OF  THE   SEVENTEENTH   CENTURY   (CONTINUED). 


Baoon'a  Influence  upon  Scieuoe. — Although  this  book 
is  a  history  of  scientific  discovery  and  not  of  philosophy, 
yet  we  must  now  mention  in  passing  two  philosophers  who 
lived  about  this  time,  and  whose  writings  had  great  influence 
upon  science.  These  were  Francis  Bacon  in  England,  and 
Ren^  Descartes  in  France. 

Francis  Bacon,  common!]'  known  as  Lord  Bacon,  was 
bom  in  London  in  i56i,and  died  in  1626.  He  was  made 
Lord  Chancellor  of  England  in  16 18,  in  the  reign  of  James 
1.,  with  the  title  of  Lord  Verulam  and  afterwards  Viscount 
Sl  Alban's,  and  was  a  great  political  character.  Bacon 
devoted  much  of  his  time  to  science,  and,  like  his  namesake  , 
Roger  Bacon  in  the  fifteenth  century,  he  seems  to  have  fore- 
jecn  many  of  the  discoveries  which  were  afterwards  made. 
But  his  most  useful  work  was  a  book  called  the  '  Novum 
Organum,'  or  '  New  Method,'  published  in  i6zo,  in  which 
he  sketched  out  very  fully  how  science  ought  to  be  studied. 
He  insisted  that  no  knowledge  can  be  real  but  that  which 
is  founded  on  experience,  and  that  the  only  true  way  to 
cultivate  science  is  to  be  quite  certain  of  each  step  before 
on  farther,  nor  to  be  satisfied  with  any  general  law 
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until  you  have  exhausted  all  the  facts  which  it  is  supposed 
to  explain. 

For  example,  if  you  require  to  understand  what  heat  is, 
and  how  it  acts,  you  roust  not  be  satisfied,  he  says,  by  merely 
making  a  few  experiments  on  the  heal  of  the  sun  and  that 
of  fire,  and  trying  from  these  to  lay  down  some  general  rale 
of  how  heat  works.  '  No,  you  must  examine  it  in  the  sun's 
rays  botji  when  they  fall  direct  and  when  they  are  reflected; 
in  fiery  meteors,  in  lightning,  in  volcanoes,  and  in  all  kinds 
of  flame ;  in  heated  solids,  in  hot  springs,  in  boiling  liquids, 
In  steam  and  vapours,  in  bodies  which  retain  heat,  such  as 
wool  and  fur ;  in  bodies  which  you  have  held  near  the  fire, 
and  in  bodies  heated  by  rubbing ;  in  sparks  produced  by 
fticdon,  as  at  the  axles  of  wheels ;  in  the  heating  of  damp 
grass,  as  in  haystacks ;  in  chemical  changes,  as  when  iron 
is  dissolved  by  acids  j  in  animals ;  in  the  effects  of  spirits  of 
wincj  in  aromatics,  as  for  example  pepper,  when  you  place 
it,On  your  tougue.  In  fact,  you  must  study  every  property 
of  heat  down  to  the  action  of  very  cold  water,  which  makes 
your  flesh  glow  when  poured  upon  it  When  you  have 
made  a  list,'  says  Bacon,  '  of  all  the  conditions  under  which 
heat  appears,  or  is  modified,  of  the  causes  which  produce 
it,  and  of  the  effects  which  it  brings  about,  then  you  may 
begin  to  speak  of  its  nature  and  its  laws,  and  may  perhaps 
have  some  clear  and  distinct  ideas  about  it' 

You  will  see  at  once  that  this  method  of  Bacon's  had 
been  followed  already  to  a  great  extent  by  Copernicus,  Tycho 
Brahe,  Galileo,  and  Kepler ;  but  Bacon  was  the  first  to  insist 
upon  it  as  the  only  rule  to  follow,  and  in  doing  this  he  ren- 
dered a  great  service  to  science. 

Deaoart^s'  Condemnation  of  Ignorant  Assertion. 
— Ren^  Descartes,  by  his  philosophy,  assisted  science  in 
another  way.     He  was  a  Frenchman,  born  in  TouraJne  in 
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1596,  and  he  became  one  of  the  most  famous  phiK"'"  ^"<i 
of  France.  He  wrote  a  great  deal  on  science,  esj.r  "^FS 
on  mathematics  and  geometry,  and  also  on  the  natL-i*"* 
roan  ;  but  the  point  which  we  have  to  notice  here  wa.'^^ 
belief  that  to  arrive  at  the  real  trulh  was  the  only  thi. 
worth  living  for. 

You  will  remember  how  the  men  of  science  of  the  six- 
teenth century  had  thought  it  a  suflScient  answer  to  Vesalius 
or  to  Galileo  to  say  that  Galen  or  Aristotle  had  decided 
questions  of  anatomy  and  physics  ages  ago ;  and  how  the 
judges  of  the  Inquisition  thought  they  had  crushed  the 
Copemican  theory  when  they  made  Galileo  recant  Autho- 
rity was  the  idol  to  which  these  people  bowed  down,  and 
they  considered  it  rank  heresy  to  doubt  anything  which  had 
been  taught  by  their  forefatiiers.  But  Descartes  said,  '  It 
is  not  true  to  say  we  know  a  thing  simply  because  it  has 
been  told  us.  It  is  a  duty  to  obey  authority,  to  submit  to 
the  laws  and  religion  of  our  country  and  parents,  and  in 
matters  where  we  are  not  able  to  judge,  it  is  wise  to  receive 
what  is  told  us  by  those  who  know  more  than  we  do.  But 
to  knotv  anything  requires  more  than  this,  and  unless  the 
reasons  for  any  belief  are  so  clear  to  our  minds  that  we 
cannot  doubt  them,  we  have  no  right  to  say,  we  know  it  to 
be  fruf,  but  only  that  we  have  been  told  so.' 

I  think  you  can  see  how  this  rule  of  Descartes,  that  it 
is  often  more  honest  to  doubt  than  to  be  quite  sure  without 
good  grounds,  would  influence  science.  If  scientific  men 
in  the  time  of  Galileo,  instead  of  saying  '  We  know  that  a 
heavy  weight  falls  more  quickly  than  a  light  one  because 
Aristotle  said  so,'  had  said  more  modestiy,  'We  do  not 
know,  because  we  have  never  tried,  but  we  think  it  probable 
Aristotle  was  right  until  some  one  shows  us  that  he  was  mis- 
taken ;' — if  they  had  gone  to  the  Tower  of  Pisa  in  this  spirit. 
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until  yoiwld  not  have  denied  the  truth  of  Galileo's  experiment 

to  expljt  succeeded  before  their  very  eyes.     And  even  now, 

Foi  present  day,  you  will  see  that  the  greatest  and  best 

and  J  who  make  the  most   discoveries,  are  those  who  are 

rfrays  willing  to  examine  a  new  fact,  even  though  it  may 

^ontradict  much  that  they  have  held  before ;  and  who  never 

pretend  to  ktunv  for  certain  anything  which  they  have  not 

Studied  with  sufficient  care  to  be  convinced  of  its  truth. 

Thus  Bacon  and  Descartes  both  did  great  service  to 
Science — Bacon  by  teaching  that  any  true  theory  must  be 
built  up  upon  facts  and  careful  experiments ;  Descartes  by 
insisting  that  it  is  more  honest  to  acknowledge  we  are 
ignorant,  and  to  wait  for  more  light,  than  to  pretend  to 
know  that  which  we  have  not  clearly  proved, 

BnelliuB  Discovers  the  Law  of  Be&aotion,  1621. — 
Among  other  things,  Descartes  wrote  much  upon  Optics, 
and  you  will  often  see  it  stated  that  he  discovered  the  law 
of  refraction.  This  law  had,  however,  been  laid  down  be- 
fore, in  i6i  I,  by  a  Dutch  mathematician  named  WiUebrBirf 
Sneilius,  and  Descartes  only  stated  it  more  clearly.  You 
will  remember  that  the  Arab  Alhazen  fir^t  pointed  out  that 
rays  of  light  are  bent  or  refracted  when  they  pass  from  a 
rarer  into  a  denser  substance  or  medium  (see  p.  47),  as  for 
instance  from  air  into  water;  and  that  the  denser  the 
medium  is  into  which  they  pass  the  more  the  rays  are  re- 
fraaed.  Vitellio  and  Kepler  had  measured  some  of  the 
angles  at  which  rays  are  refracted  in  water  and  glass,  but 
they  did  not  know  of  any  law  by  which  they  coiild  calculate 
how  much  any  particular  ray  would  be  bent  out  of  its  coiwscl 
For  instance,  in  Fig.  i  z,  suppose  w  w  to  be  the  surface 
of  water  in  a  glass  vessel,  upon  which  the  rays  a  and  b  fell 
at  the  point  o,  and  are  refracted  a  to  a'  and  b  to  b'.  It  is 
evident  that  b  is  bent  much  more  out  of  its  course  than  a. 


THE  LAW  OF  REFRACTION. 


as  you  will  see  at  once  if  you  lay  a  straight  niler  from  end 
to  end  of  each  ray;  and  if  we  were  to  draw  other  rays 
between  ihese  they  would  all  be  refracted  at  different 
angles,  those  being  most  bent  which  were  farthest  from  the 
perpendicular. 
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Now  in  making  telescopes  it  is  very  important  to  know 
how  much  each  ray  is  refracted ;  and  as  the  rays  are  in- 
finite in  number,  it  was  impossible  to  know  this  unless  some 
general  rule  could  be  found.  Sncilius  set  himself  this  task, 
and  after  a  great  number  of  very  delicate  experiments  he 
arrived  at  a  law  which  has  proved  to  be  always  true.  This 
law  is  best  explained  by  the  following  experiment,  which  is 
not  difficult  to  understand,  although  it  is  troublesome  to 
perform  it  accurately. 

Draw  a  circle  on  a  black  board  with  an  upright  line  x  x 
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through  it,  and  then  place  the  board  upright  in  a,  vessel  of 
water  so  that  the  surface  of  the  water  crosses  the  centre  a 
Then  pass  a  ray  of  light  through  a  tube  so  placed  that  the 
ray  falls  across  the  board  in  the  direction  ko  ;  it  will  then 
pass  on  through  the  water  to  some  point  a'.  The  line  o  a 
will  now  cut  the  circle  at  the  point  c,  and  the  line  o  a'  will 
cut  it  at  /.  From  these  two  points  draw  horizontal  lines  et 
and  if  c^  on  the  board  to  the  upright  line  *  .*'.  Then  if  you 
compare  the  length  of  these  two  hnes  you  will  find  that  fV 
in  the  water  is  exactly  three-fourths  of  c  f  in  the  air. 

Again,  if  you  throw  the  light  from  your  tube  in  the  direc- 
tion B  0,  the  result  is  the  same.  The  length  of  tf  if  in  the 
water  will  again  be  three-fourths  ofiidm  the  air.  And  this 
is  equally  true  of  all  rays  passing  from  air  into  water.  ^Mien 
a  vertical  line  is  drawn  through  the  point  where  the  ray  (ails 
on  the  water,  /Ae  /wo  horizontal  Hties  drawn  to  the  plact 
where  the  circle  cuts  the  ray  will  always'be  in  the  same  pro- 
portion, at  whatever  angle  the  ray  strikes  the  watet:  There- 
fore, Jths  is  said  to  be  the  index  of  refraction  for  water, 
meaning  that  every  ray  which  passes  from  air  into  water  will 
have  these  two  horizontal  lines  in  the  proportion  of  4  to  3. 
In  passing  from  air  into  glass  they  would  always  be  in  the 
proportion  of  3  to  2,  and  every  different  substance,  such  as 
ice,  amber,  diamond,  etc,  has  its  own  index  of  refraction. 
These  have  been  calculated,  and  tables  made,  from  which 
you  can  learn  at  once  what  is  the  index  of  refraction  for 
any  particular  substance. 

It  was  this  law  of  the  proportion  between  the  two  hori- 
zontal lines  in  the  air  and  in  the  denser  substance  which 
Snellius  discovered,  which  is  called  after  him  '  Snell's  law.' 
It  is  expressed  in  mathematical  language,  thus :  '  The  ratio 
between  the  sines  of  the  incident  and  refracted  rays  is  always 
the  same  for  the  same  substance; '  sine  being  a  mathematical 
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term  for  the  measurement  we  have  been  making,  which 
you  wOl  understand  more  fully  when  you  have  studied 
trigonometry. 
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CHAPTER    XIV. 

SCIENCE  OF  THE  SEVENTEENTH  CENTURY  (CONTimiED), 

Fabridus  Aquapendenle — Harvey  discovers  the  circulation  of  the  Blood 
— Gaspard  AselUu*— Pecquet — Riidbeck. 

Harvey's  Diaoovery  of  the  Circulation  of  the  Blood, 
1619. — In  the  year  1600,  when  Galileo  and  Kepler  were 
still  at  the  beginning  of  their  discoveries,  a  young  English- 
man of  two-and-twenty,  named  Harvey,  who  was  bom  at 
Folkestone  in  1578,  went  to  Padua  to  study  anatomy  under 
the  famous  professor  Fabricius  Aquapendenle.  Although 
anatomists  had  by  this  time  learnt  a  great  deal  about  the 
bones  and  parts  of  a  dead  body,  yet  they  were  still  very  igno- 
rant about  the  working  of  a  living  one.  They  knew  that 
arteries  throb,  as  for  example  the  pulse  in  the  wrist,  which  is 
an  artery ;  and  that  veins  (that  is,  the  blue  branching  tubes 
which  you  can  see  under  the  skin  in  your  hand  and  ann) 
contain  blood  and  do  not  throb  like  the  arteries  ;  but  they 
had  no  clear  idea  of  the  use  of  either  arteries  or  veins. 
Vesalius  had  believed,  Uke  Aristotle,  that  the  arteries  con- 
tained chiefly  a  kind  of  air  called  '  ^-ital  spirits,'  which  they 
carried  from  the  heart  to  all  parts  of  the  body  ;  and  that 
the  blood  was  pumped  backwards  and  forwards  from  the 
veins  to  the  heart  by  the  act  of  breathing.  A  Spaniard 
named  Servetus,  an  Italian  named  Columbus,  and  the 
botanist  Ciesalpinus,  who  all  lived  in  the  sixteenth  century, 
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had  indeed  suggested  that  blood  from  the  heart  flowed 
through  the  lungs  (ot  the  part  we  breathe  with),  and  came 
back  again  to  the  heart ;  and  Ca;sa!pinus  had  even  noticed 
that  if  you  tie  up  a  vein  it  swells  on  the  side  of  the  bandage 
away  from  the  heart ;  but  the  notions  of  all  these  men 
were  very  vague  and  unsatisfactory. 

The  subject  remained  quite  obscure  till,  while  Harvey 
was  studying  at  Padua,  his  master  Fabricius  discovered  that 
many  of  our  veins  have  curious  valves  inside  them,  made 
by  the  folding  of  the  lining  of  the  vein.  These  valves,  which 
are  just  like  little  transparent  pockets,  tie  open  towards  the 
heart  so  long  as  the  blood  is  Sowing  in  that  direction ;  but 
if  you  press  on  a  vein — in  your  arm  for  instance — and 
force  the  blood  away  from  the  heart  towards  the  fingers,  the 
valves  close  at  once,  and  the  vein  swells  up  because  the 
blood  cannot  fiow  oa 

Fabricius  thought  that  the  use  of  these  valves  was  merely 
to  prevent  the  blood  escaping  too  quickly  into  the  branches 
of  the  vein  ;  but  this  explanation  did  not  satisfy  Harvey,  and 
he  determined  to  try  to  discover  which  way  the  blood 
moved  in  the  different  vessels  which  held  it  In  order  to 
do  (his  he  laid  bare  the  artery  of  a  living  animal,  say  in  its 
leg,  and  tied  it  round  tight,  so  that  the  blood  could  not  flow 
past  the  bandage.  He  found  that  the  artery  became  very 
full  of  blood  and  throbbed  strongly  alm'c  the  place  where  he 
had  bound  it,  but  in  the  lower  part  of  the  leg  it  did  not 
throb  at  all.  This  proved  to  him  that  the  blood  in  the 
artery  was  flowing  from  the  heart  to  the  leg  of  the  animal, 
and  was  stopped  on  its  way  down  by  the  bandage.  He  then 
tied  up  a  vein  in  the  same  way,  and  this  lime  the  swelling 
was  in  the  lower  part  of  the  leg,  below  where  the  vein  was 
Therefore  it  was  clear  that  the  blood  in  the  vein  was 

inng  from  llie  leg  to  the  heart,  and  was  stopped  from  flow- 
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ing  upwards  by  the  bandage.  When  he  tied  an  arleiy  and 
a  vein  in  the  ann  the  same  thing  happened;  the  blood 
in  the  artery  was  flowing  iowards  the  hand,  while  in  the 
'as  Rowing/ri'w  the  hand  towards  the  heart. 

This  led  Harvey  to  suspect  that  the  blood  is  always 
making  a  continuous  journey  round  and  round,  first  out  of 
the  heart  through  the  arteries  to  all  parts  of  the  body,  and 
then  back  through  the  veins  to  the  heart  again.  And  now 
the  use  of  the  little  valves  became  e^dent  While  the 
blood  flows,  as  it  should  do,  towards  the  heart,  they  lie  open 
and  offer  it  no  resistance,  but  directly  anything  drives  it  in 
the  wrong  direction  they  close  at  once,  and  prevent  it  from 
flowing  backwards.  The  throbbing  of  the  arteries  was  also 
explained  by  this  theory,  for  the  blood  being  pumped  into 
them  by  a  regular  movement  of  the  heart,  they  swell  at  each 
rush  of  blood,  and  contract  again  before  the  next,  and  sa 
rise  and  fall  in  exact  time  with  the  beating  of  the  heart, 

Harvey  also  found  that  Csesalpinus  and  his  contempo- 
raries had  been  right  in  suspecting  that  the  blood  makes  a 
small  circuit  from  the  heart  through  the  lungs  and  back 
again.  We  will  try  to  understand  all  this  with  the  assist- 
ance of  a  diagram,  which,  however,  you  must  remember  JB 
only  to  help  you,  and  not  a  real  drawing  of  the  parts. 
Starting  from  the  left  lower  chamber  a  of  the  heart,  the 
blood  is  pumped  out  of  the  left  top  comer  of  this  chamber 
into  an  artery  in  the  direction  of  the  arrow  i.  This  artciy 
soon  divides  into  two  branches,  one  going  downwards  by 
the  arrow  2  to  the  lower  part  of  the  body,  the  other  upwards 
by  the  arrow  2'  to  the  arms  and  neck ;  and,  after  flowing 
into  the  different  parts  of  the  body,  the  blood  in  the  lower 
artery  returns  by  the  lower  van,  5,  6,  7,  while  the  blood  of 
the  ufjxr  artery  is  returning  by  the  upj>er  vein  4',  and  both 
streams  pour  into  the  right  upper  chamber  of  the  heart,  A" 
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The  blood  has  now  made  one  round,  during  which  its 
colour  has  been  changed  from  a  bright  scarlet  to  a  dark  purple, 
in  consequence  of  its  having  parted  with  oxygen  and  gained 
carbonic  acid  in  its  passage  through  the  different  parts  of  the 
body.  But  it  does  not  stop  here. 
It  escapes  through  a  valve  down 
into  the  lower  chamber  c  ;  out  of 
the  right  top  comer  of  which  it 
starts  again  in  the  direction  of 
arrows  8  and  9,and  passes  through 
the  lungs,  returning  by  the  lung- 
veins,  or  pulmonary  veins  as  they 
arc  called,  in  the  direction  of 
arrow  lo,  back  into  the  lef^  top 
chamber  of  the  heart  4.  During 
this  second  journey  it  is  acted 
npon  by  the  air  in  the  lungs  and 
rendered  pure  and  bright  again  by 
taking  in  fresh  oxygea     It  then 

passes     down     from    d    into    the    DiaeramofHianiDdBlooiIw 
,         ,  ^  ,  .   .      .      ^  Ken  fiom  the  fronl. 

chamber  a,  from  which  it  first 

started,   and   the   whole   round 

begins  agairL     The  6ret  journey 

of  the    blood   round    the  whole        ben  ibow  Uie  coune  of  ihe 

body  is  called  the  general  circuia-        ^^"^ 

tum,  and  the  second  journey  through  the  lungs  is  called  the 

pulmonary  drculation  ;  when  Harvey  had  traced  these  two 

journeys  he  had  proved  the  double  circulation  of  the  blood. 
Although  this  discovery  as   stated   here  appears  very 

umple,  yet  it  took  Har%-ey  nineteen  years  to  trace  the  blood 

throu^  all  the  channels  of  the  body,  before  he  felt  quite 
^^eitain  that  he  had  hit  upon  the  truth.  Meanwhile  he  had 
^MCuraed  to  London,  and  had  been  made  physician  at  SL 


*  d.  Upper 
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Bartholomew's  Hospital.  Here  he  taught  his  theory  in  his 
Lectures  of  1619,  and  at  last  published  a  small  book  on  the 
circulation  of  the  blood  in  1628.  Vet  none  of  the  older 
physicians  would  believe  he  was  right,  and  Harvey  lold  a 
friend  that  he  lost  many  patients  in  consequence  of  his  new 
doctrine.  It  is  greatly  to  the  credit  of  the  unfortunate  King 
Charles  I,,  who  was  reigning  at  this  time,  and  whose  private 
physician  Harvey  was,  that  he  gave  him  many  opportunities 
of  making  physiological  experiments  on  the  animals  in  the 
royal  parks,  and  took  great  interest  in  his  discoveries. 
Harvey  wrote  several  other  valuable  books,  and  traced  the 
development  of  the  chicken  in  the  egg.  He  was  of  a  very 
gentle  and  modest  disposition,  and  disliked  controversy  so 
much  that  he  could  scarcely  be  persuaded  to  publish  his 
later  investigations  when  he  found  what  disputes  were  occa- 
sioned by  his  great  discovery  of  the  circulation  of  the  blood. 
He  died  in  1657,  in  his  eightieth  year. 

DiscoTery  of  the  Vessels  which  oarry  ZTotuish- 
mont  to  the  Blood,  1622-1049. — Harvey's  doctrine  of 
the  circulation  of  the  blood  was  the  real  starting-point  of 
physiology,  or  the  science  of  living  bodies,  and  when  the  true 
action  of  the  arteries  and  veins  was  known,  many  other 
vessels  of  the  body  were  soon  better  understood.  The 
most  important  of  these  were  the  vessels  which  carry  nourish- 
ment from  all  parts  of  the  body  to  make  fresh  blood.  In 
162a  Gaspard  AseDius,  Professor  of  Anatomy  at  Pavia,  saw ' 
a  white  fluid  flowing  from  some  thread-like  tubes  in  the ' 
body  of  a  dog  which  he  was  dissecting.  This  dog  had  been 
eating  food  just  before  he  died,  and  Asellius  found  that  the ; 
fiuid  came  from  the  intestines  and  was  the  nourishing  matter 
of  the  food.  He  called  these  fine  tubes  lacleals,  because 
the  fluid  in  them  looked  like  milk.  Some  years  later,  in. 
1647,  Jean  Pecquet,  an  anatomist  of  Dieppe,  discovered 
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that  these  UuUals  empty  themselves  into  a  large  tube  called 
the  thoracic  duct^  which  carries  the  fluid  into  the  principal 
vein,  and  so  to  the  heart;  and  finally,  in  1649,  a  Swede 
named  Olatis  Rttdbeck  discovered  an  immense  number  of 
fine  thread-like  tubes  running  from  all  the  principal  parts  of 
the  body,  and  carrying  nourishing  matter  to  the  thoracic 
duct,  and  so  through  the  great  vein  to  the  heart  He  called 
these  tubes  lymphatics ;  but  in  reality  the  lymphatics  and 
lacteals  are  the  same  vessels,  coming  from  different  parts  of 
the  body  and  supplying  the  material  for  new  blood.  It  is 
easy  to  understand  that  when  physiologists  knew  not  only 
how  the  blood  circulates  through  the  body,  but  also  how  a 
fresh  supply  of  blood  is  being  constantly  provided,  they  had 
made  a  great  step  towards  tracing  out  the  workings  of  a 
living  body. 

Chief  Works  consulted, — Sprengel,  *Hist.  de  la  M^ecinc,*  181 5  ; 
Harvey's  'Anatomical  Exercises,'  1673;  Aikin*s  *Biog.  Mem.  of 
Medidne  till  the  Time  of  Harvey,'  1780 ;  Huxle/s  *  Elementary  Phy- 
siology; Carpenter's  'Physiology;'  Kirke's  'Physiology;*  Cuvier, 
'  Hist,  des  Sciences,  etc;'  lyOrbigny,  'Diet,  des  Sciences.' 
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CHAPTER   XV. 

CE  OF  THE  SEVENTEENTH   CENTURY   (CONTINUED). 

Tonicelli  —  Ferrier — Pascal  —  Olio  Giierickc — Foundallon  of  Royal 
Sodety  of  London  and  other  Academies  of  Science. 

Torricelli'B  Invention  of  the  Barometer,  1644. — We 
must  now  turn  to  quite  another  subject  on  which  new  light 
was  being  thrown  at  this  time.  Among  the  many  different 
mechanical  experiments  which  Galileo  made  during  his  Lfe, 
there  had  been  one  with  a  common  pump  which  puzzled 
hitn  very  much,  and  which  he  had  never  been  able  to 
explain. 

You  know  that  if  you  put  the  mouth  of  a  squirt  in  water 
and  pull  back  the  handle,  the  water  rises  up  into  the  tub& 
That  is  to  say,  as  soon  as  you  leave  a  space  inside  the  squirt 
quite  empty  without  any  air  in  it,  the  water  rushes  in. 
In  the  same  way,  water  may  be  made  to  rise  up  a  long 
tube  standing  with  its  open  end  in  a  pond  or  basin,  by- 
drawing  up  a  tight-fitting  stopper  a,  Fig.  1 4,  called  a  piston, 
and  so  driving  the  air  out  at  the  top  and  leaving  a  vacuum 
inside  the  tube.  But  Galiieo  found  that  as  soon  as  the 
water  had  risen  up  to  the  height  of  about  34  feet  it  would 
not  mount  any  higher,  even  though  the  tube  between  the 
surface  of  the  water  c,  and  the  piston  A,  had  no  air  in  it 
He  could  not,  however,  find  out  why  the  water  should  stop 
rising  just  at  this  point,  and  it  was  not  till  after  his  death 
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that  his  friend  and  follower  TonicelU  (bom  1608),  who  was 
a  raalhematical  professor  at  Florence,  hit  upon  the  reasoa 

Torricelli  asked  himself, 
'  UTiy  does  the  water  rise  in 
the  tube  at  ail?  something 
must  force  it  up.'  Then  it 
occurred  to  him  that  air  must 
weigh  something,  and  that  it 
might  be  this  weight  on  the 
open  surface  of  the  water  which 
forced  the  water  up  the  pump 
where  there  was  no  air  press- 
ing it  down.  To  understand 
this  you  must  picture  to  your- 
self all  the  air  round  our 
globe  to  be  pressing  down 
upon  the  surface  of  the 
earth.  Now,  so  long  as  the 
tube  also  is  full  of  air  the 
surface  of  the  water  will  all 
be  equally  pressed  down,  and 
CO  will  rem-iin  at  one  level  ^_  ■nghi-Huing  pbion.  t,  CfMiai 
U  w  B  w.     But  when  the  pis-      h=ighi  «>  which  .he  w.icr  »iu  ri«. 

.        ,  .  ,  WBW,  Nllun]  jErclorihcWElrr. 

ton  A  IS  drawn  up.  it  pushes 

the  air  above  it  out  of  the  lube,  and  so  lifts  the  weight  off 
B,  the  water  at  which  will  immediately  be  forced  up  the 
tube  by  the  pressure  of  the  air  on  the  water  outside  from  w 
to  w.  This  will  go  on  till  the  water  has  risen  about  34  feet 
to  C,  and  then  the  column  of  water  c  B  in  the  tube  will 
pess  as  heavily  on  the  water  at  d  as  the  air  does  on  the 
wuer  outside  from  w  to  w,  so  all  the  water  w  b  w  will 
again  be  equally  pressed  ujwn,  and  no  further  rise  will  take 
place  in  the  lube. 
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^M  ii6 

^H  When  Torricelli  had  come  to  this  conclusion  it  occurred 

^B  to  him  that  if  it  was  really  the  weight  of  the  air  which  su[>- 

^m  ported  the  column  of  water,  it  ought  to  lift  mercury  or 

^H  quicksilver,  which  is  fourteen   limes  heavier,  to   onc-foiu'- 

^H  teenth  of  the  height     So  he  took  some  mercury,  and  filling 

^M  a  tube  A,  about  34  inches  long,  with  it,  he  turned  the  lube 

^H  upside  down  into  a  basin  of  mercury,  which  being  open  was 

^^  under  the  pressure  of  the  atmo- 

sphere. The  mercury  began 
at  once  to  sink  in  the  tub^ 
and  finally  settled  down  at  b, 
about  30  inches  above  that 
in  the  basin.  This  was  a 
beautiful  experiment,  and  pro- 
ved almost  to  demonstration 
that  the  weight  of  ordinary  air 
is  sufficient  to  keep  a  column 
of  mercury  at  a  height  of  30 
inches  in  vacuum.  He  had 
now  therefore  made  an  instru- 
ment which  would  measure  the 
weight  of  the  air,  and  as  our 
atmosphere  varies  in  weight  ac- 
cording as  the  weather  is  cold 
or  hot,  or  damp  or  dry,  a 
column  of  this  kind  would 
be  higher  when  the  air  was 
heavy,  and  lower  when  it  was 
light  He  kept  this  apparatus 
always  in  one  place,  and  when  the  mercury  rose  above  the 
30  inches  he  concluded  that  the  air  outside  was  heavy; 
when,  on  the  contrary,  it  sank,  this  showed  him  that  the  air 
was  light     When  once  this  was  discovered  it  was  easy  to 
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mark  off  inches  and  parts  of  inches  on  the  side  of  the  tube,  so 
as  to  reckon  how  much  the  mercury  rose  and  fell  each  day. 

This  was  the  beginning  of  the  baromeUr,  by 
which  we  measure  the  weight  of  the  atmosphere. 
It  was  a  long  time  before  people  would  beheve    | 
that  anything  so  invisible  as  air  could  affect  the    I 
mercury,  but  this  was  at  last  clearly  proved  by   I 
a  man   named    Perrier,  who   carried   a  baro-   | 
meter  to  the  top  of  a  mountain  called  the  Puy   I 
de  Dome,  in  Auvergne,     As  the  summit  of  a 
mountain  reaches  to  a  great  height  in  the  atmo- 
sphere, it  has,  of  course,  less  air  resting  upon 
it  than  the  valley  below  lias,  and  so  the  mer- 
cury when   carried  to  this   height   not  being 
pressed    so    much  up   the  tube,   fell  nearly  3 
inches,  and   then  rose  again  gradually  as  M. 
Perrier  came  down  into  the  valley  below,  where 
there  was  a  greater  weight   of  air.     This  ex- 
periment, which  was  suggested  by  the  famous 
French  writer  Pascal,confirmedTorricdlli'stheory, 
and  proved  beyond  doubt  that  it  was  the  weight 
of  the  air  which  caused  the  mercury  to  rise. 

If  now,  after  reading  this  account,  you  go 
and  look  at  an  ordinary  upright  barometer  (Fig.  f 
16),  you  will  perhaps  be  puzzled  by  finding  it  v^^ 
all  enclosed  in  wood,  and  you  will  ask  how  the 
air  can  get  to  the  mercury  to  press  it  down  ; 
but  if  you  look  carefully  at  the  wooden  box  at  orfinjrf  uprighi 
the  bottom,  you  will  find  a  small  hole  in  the      ^^"••""■ 
wood,  often  having  a  small  plug  of  paper  in  it  rupotm^ry'' 
to  keep  out  the  dust,  and  through  this  hole,  \"'^^^^^^ 
even  stuffed  up  as  it  is,  the  pressure  of  the  air 

The  space  between  the  top  of  the  column  of 
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mercury  (b,  Fig.  15)  and  the  end  of  the  tube  is  a 

or  a  space  with  scarcely  any  air  in  it,  and  Is  still  called  i, 

Torricellian  vacuum. 

InTGution  of  the  Thermometer,— The  date  of  the 
invention  of  the  tliennometer  (or  instrument  to  measure 
heat)  is  so  uncertain  that  it  will  be  best  to  speak  of  it  here 
in  connection  with  the  barometer,  (lalileo  is  said  to  have 
made  the  first  tiiermometer,  which  was  simply  a  tube  with 
a  bulb  at  the  end  standing  upside  doivn  in  a  basin  of  water. 
The  bulb  was  filled  with  air,  and  when  heat  was  applied  lo 
it,  it  expanded  and  drove  back  the  water  in  the  tube.  A 
few  years  afterwards  a  Dutchman  named  Drebbel  made 
thermometers  with  spirits  of  wine  in  ihem,  and  finally,  in 
1670,  mercury  was  used.  Mercurial  thernaometers  have 
the  bulb  and  part  of  the  tube  filled  with  mercury,  and  the 
rest  of  the  tube  is  quite  empty,  all  the  air  being  driven  out 
by  heating  the  mercury  till  it  completely  fills  the  tube,  and 
then  melting  the  end  so  as  to  close  it.  When  the  mer- 
cuiy  cools  it  contracts  and  a  vacuum  is  left  above  it  After- 
wards, when  the  bulb  of  this  thermometer  is  heated,  the 
mercury  expands  and  rises  in  the  tube ;  when  it  is  chilled 
it  contracts  and  fails. 

The  thermometer  was  not  of  any  great  use  till  eariy  in 
the  eighteenth  century,  when  three  men,  Fahrenheit,  Celsius 
and  R&umur,  measured  off  the  tube  into  degrees,  so  that 
the  exact  rise  and  fall  could  be  known.  Celsius  and 
Reaumur  took  the  melting  point  of  ice  as  zero  or  0°  of  their 
scale,  but  Fahrenheit  took  his  from  a  mixture  of  snow  and 
salt,  which  was  the  greatest  cold  he  knew  how  to  obtain. 
For  this  reason  3!°  is  the  freezing  point  of  water  in  a 
Fahrenheit  thermometer,  and  his  other  divisions  are  different 
from  those  of  Celsius  or  RtJaumur.  Celsius's  scale  is  the 
one  now  used  all  over  the  Continent,  and  scientific  men 
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wish  to  introduce  it  into  England,  because  it  is  so  much 
more  simple  than  Fahrenheit's.      It  is  called  '  centigrade,' 
or  a  hundred  steps,  because  the  tube  is  so  divided  that 
there  are  exactly  100°  between  the  freezing  and  the  boil- 
ing point 

Otto  Guericke  inventB  the  Air-pump,  1850. — The 
Torricellian  vacuum  in  the  barometer  was  made,  as  we  have 
seen,  by  simply  filling  a  glass  lube  more  than  30   inches 
long  with  mercury,  and  then  turning  it  upside  down  into  a 
l>asin  of  the  same,  so  that  the  mercury  in            __ 
the  tube  fell  to  30  inches,  and  an  emply              || 
space  was  left  at  the  top.     But  in  i6go,              ij                           Jl 
a  very  few  years  after  Torricelli's  experi-        ^^HT"                 1 
ment.    Otto   Guericke,   a    magistrate   of         ^^^|                   1 
Magdeburg,  in  Prussia,  made  another  step          ^^^k                     1 
In   advancL-  and  invented  the  air-pump,          ^^^|n                   1 
an  apparatus  by  which  air  can  be  drawn          ^^P                 ^k 
out  of  a  vessel,  leaving  it  almost  empty.    ^^^^^^   ^^H 
Fig.  17  is  the  simplest  kind        air-pump,  j^H|^Hki^^H 
and   the  way  it  works  is  not  difficult  to  It^^BS^^Kk  ^^^^1 
understand.     At  the  bottom  is  a  glass  jar  '^^^^^^V              1 
which    has  a    round    barrel    or    cylinder    ^^^^^^F 
B  B,  fixed  on  the  top  of  iL     In  the  cylin- 
der is  a  tight-fitting  piston,  c  c,  like  the     ^.         '.f^^y 
one  in  the  suction-tube  p.  115,  only  that        ^^  ^  ^^^^^ 
this  one  has  in  it  a  valve   or  door,  d.    .- ^,  fitun  wiih  v^*e. 
There  is  also  another  valve,  e,  at  the  place     ''  '■  "l^*^"'" 
where   the  cylinder  and  glass  jar  meet, 
and  both  these  valves  open  upwards.      Now  suppose  we 
start  with  both  valves  shut  and  the  piston  c  c  down  at  the 
lirjttom  of  the  cylinder  resting  on  the  valve,  e.     'i'hen  if  we 
pull  the  piston  gradually  up,  die  valve  d  will  be  kept  shut 
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drive  the  air  between  b  and  B  out  of  the  top  of  the 
cylinder.  If  the  valve  e  remained  also  shut  there  would  now 
be  a  vacuum,  or  space  without  air,  in  the  cylinder  B ;  but 
this  will  not  be  so,  because  the  air  in  the  jar  below,  being 
no  longer  kept  down  by  air  above  it,  will  expand,  and 
forcing  up  the  valve  c  will  fill  the  whole  of  the  jar  and  the 
cylinder  with  expanded  air. 

Now  bring  down  the  piston  f  c  again  and  observe  what 
will  happen.  The  thin  air  in  the  cylinder  will  be  pressed 
down  upon  the  valve  e  and  will  shut  it,  and  then,  not  being 
able  to  get  down  into  the  jar,  it  will  force  up  the  valve  d 
again,  and  escape  out  at  the  top  The  piston  wUl  now  be 
resting  once  more  upon  the  valve  c;  but  the  glass  jar  will 
have  much  less  air  in  it  than  it  had  at  first,  because  it  will 
have  lost  all  that  which  went  up  into  the  cylinder  and  was 
pressed  out  at  the  top.  You  have  only  to  repeat  this 
process  and  more  air  still  will  be  drawn  out,  and  thus  by 
moving  the  piston  up  and  down  you  gradually  empty  the 
glass  jar.  You  cannot  get  quite  all  the  air  out,  because 
there  must  be  enough  left  to  push  open  the  valve  f  when 
you  pull  the  piston  up,  but  you  can  go  on  till  there  is  very 
httle  indeed.  Air-pumps  are  now  constructed,  by  which  all 
but  an  infinitesimal  quantity  of  air  can  be  drawn  out  and 
a  vacuum  left  which  is  almost  perfect ;  but  we  are  speakir^ 
of  the  one  Guericlce  made,  which  was  like  the  one  I  have 
described,  only  more  complicated,  and  he  worked  it  under 
water  to  make  quite  sure  that  no  air  should  creep  in  at  the 
cracks. 

The  Experiment  of  the  Hagdeburg  Hemispheres. — 
The  first  experiment  which  Guencke  made  with  his  air- 
pump  was  to  prove  that  the  atmosphere  round  our  earth  is 
down  upon  us  heavily  and  equally  in  all  directions. 
To  do  this  he  took  two  hollow  metal  hemispheres,  like  the 


Iwo  halves  of  an  orange  with  the  inside  Uken  out.  These 
hemispheres  fitted  tightly  together,  so  that  no  air  could  pass 
in  or  out  when  they  were  shut  Outside  he  fastened  rings 
to  hold  by,  so  as  to  pull  them  apart,  and  at  the  end  of  one 
hemisphere  he  fixed  a  tap  which  fitted  on  to  his  air-pump. 
Now,  as  long  as  there  was  air  inside  the  closed  globe  the 
tuvo  halves  came  apart  quite  easily ;  but  when  he  had  drawn 
out  the  air  with  the  air-pump  and  turned  off  the  tap  so  as  to 
leave  a  vacuum  inside,  it  required  immense  strength  to  drag 
the  globe  inlo  two  parts.  This  showed  that  the  atmosphere 
was  pressing  heavily  on  every  side  of  the  globe,  forcing  the 
two  halves  firmly  together,  and  as  there  was  no  air  inside  to 
resist  this  pressure,  the  person  trying  to  separate  them  had 
to  force  back,  as  it  were,  the  whole  weight  of  the  atmosphere 
tu  get  them  apart.  As  Guericke  was  burgomaster  of 
Magdeburg,  this  experiment  has  always  been  called  'the  ex- 
periment of  the  Magdeburg  hemispheres.' 

The  first  Electrical  Machine  niado  by  Guerioke. — 
You  will  remember  that  Gilbert  had  shown  in  1600  that 
sulphur  and  many  other  bodies,  when  they  are  rubbed,  will 
Mtiacl  light  substances.  Since  his  time  very  little  notice 
had  been  taken  of  this  fact,  till  Guericke  invented  the  first 
roiigh  electrical  machine  in  1672.  He  made  a  globe  of 
sulphur  which  turned  in  a  wooden  frame,  and  by  pressing  a 
ttoth  against  it  with  his  hand  as  it  went  round  he  caused 
the  nilphur  to  become  charged  with  electricity.  His 
^paratus  was  very  rough,  but  it  led  to  better  ones  being 
"■ide;  and  some  years  later,  in  t74o,  a  man  named 
Hawksbee  substituted  a  glass  globe  for  the  sulphur  and  a 
piece  of  silk  for  the  cloth,  and  in  this  way  electrical 
"^^chines  were  made  much  like  those  we  now  use. 

Guericke  also  discovered  that  bodies  charged  with  the 
kind  of  electricity  repel  each  other.     If  you  hang  a 


H     wn 
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piece  of  paper,  or  better  still,  a  pith  ball  a,  upon  a  bH: 
thread  b,  and  hold  near  to  it  a  piece  of  sealing-wax  c  nibbed 
with  dry  flannel,  you  will  find  that  the  ball  will  ai  first  be 
attracted  towards  the  sealing-wax  as  in  i,  Fig.  18,  but  after 
a  few  moments  it  will  be  repelled  and  will  draw  back  as  in 
z  ;  nor  will  it  approach  the  sealing-wax  again  till  it  has  been 
near  to  some  other  body,  and  given  the  electricity  it  has 
received.  Thus  an  electrical  body,  as  Guericke  pointed 
out,  attracts  one  that  is  not  electrified,  but  repels  it  again  as 
soon  as  it  has  filled  it  with  electricity  like  itself!     He  was 


also  the  first  to  notice  the  spark  of  fire  and  crackling  sound 
which  are  produced  by  electricity  when  it  passes  between  two 
bodies  which  do  not  touch  each  other. 

Foundation  of  the  Hoyal  Society  of  London  and 
other  Academies  of  Science,  1645. — ^^'e  must  now  return 
to  England,  where  about  this  time  a  society  was  founded, 
which,  though  it  seemed  insignificant  at  ihe  time,  had  in  the 
end  a  great  influence  upon  science.  In  the  year  1641  the 
unfortunate  King  Charles  I.  began  that  civil  war  with  hil 
people  which  ended  in  his  being  beheaded  on  January  30, 
1649.  During  these  years  all  England  was  in  a  state  of 
turmoil  and  confusion,  and  in  London  especially  the  riot» 
and  disturbances  made  it  almost  impossible  for  quiet  ani. 
studious  people  to  live  in  peace.      It  was  under  these  cii^— 
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;  that  a  small  group  of  scientific  men,  among 
whom  were  Robert  Boyle,  son  of  the  Earl  of  Cork,  and  Dr. 
Hooke,  an  eminent  English  mathematician,  began  to  meet 
together  privately  to  try  and  forget  public  troubles  in 
discussing  science.  They  assembled  first  in  London  in 
1645,  but  soon  moved  to  Oxford  to  be  out  of  the  way  of  the 
constant  riots,  and  continued  lo  meet  there  till  i66j,  after 
the  restoration  of  Charles  II.,  when  they  settled  in  London 
and  fonned  themselves  into  a  regular  Society  under  a. 
charter  from  the  king. 

This  was  the  beginning  of  the  Royal  Society  of  London, 
riiich  has  done  so  much  for  science  during  the  last  two 
hundred   years,  and  which   is  still   the  leading   scientific 
wcieiy  of  England.     The  following  account  of  its  early 
nwciings  is  thus  given  by  Dr.  Wallis,  one  of  the  first  mem- 
ben,  '  Our  business,'  he  says,  '  was  (precluding  matters  of 
theoiogy  and  State  affairs)  to  discourse  and  consider  of 
I  philosophical  enquiries,  and  such  as  related  thereunto :  as 
I  Kysick,    Anatomy,     Geometry,     Astronomy,     Navigation, 
■Auiclu,  Magneticks,  Chytnicks,  Mechanicks,  and  Natural 
with  the   state  of  these  studies,  and  their 
■ -caliivation  at  home  and  abroad.     We  then  discoursed  of  the 
IflRuhtion  of  the  blood,  the  valves  in  the  veins,  the  venx 
K'WK,  the  lymphatic  vessels,  the  Copemican  hj^jothesis,  the 
tare  of  comets  and  new  stars,  the  satellites  of  Jupiter,  the 
»l  shape  {as  it  then  appeared)  of  Saturn,  the  spots  on  the 
^^  and  its  turning  on  its  own  axis,  the  inequalities  and 
M:lenDgraphy  of  the  moon,  the  several  phases  of  Venus  and 
^'crcury,  the  improi'ement  of   telescopes  and  grinding  of 
I        Klwses  for  that  purpose,  the  weight  of  the  air,  the  possibility 
'        "f  iapossibility  of  vacuities  and  Nature's  abhorrence  thereof, 

k'^  Torricellian  experiment  in  quicksilver,  the  descent  of 
wavy  i>odies  and  the  degrees  of  acceleration  therein,  with 
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divers  other  things  of  like  nature,  some  of  which  were  then 
but  new  discoveries,  and  others  not  so  generally  known  and 
embraced  as  they  now  are ;  with  other  things  appertaining 
to  what  hath  been  called  the  New  Philosophy,  which,  from 
the  times  of  Galileo  at  Florence  and  Sir  Francis  Bacon 
(Lord  Venilam)  in  England,  hath  been  much  cultivated  in 
Italy,  France,  Germany,  and  other  parts  abroad,  as  well  as 
with  us  in  England.' 

How  well  we  can  picture  from  this  account  (written  in 
1696),  the  pleasure  which  this  little  group  of  men,  weary  of 
the  quarrels  and  bloodshed  of  the  times,  felt  in  discussing 
and  investigating  those  laws  of  nature  which  seem  to  bring 
us  into  the  calm  presence  of  an  Almighty  Unchanging 
Power  far  above  the  petty  wranglings  of  man !  The  Royal 
Society  has  become,  as  I  have  said,  one  of  the  grandest 
scientific  bodies  in  the  world ;  but  it  has  probably  never 
held  more  earnest  or  enthusiastic  meetings  than  in  the  small 
lodgings  at  Oxford  where  it  first  took  its  rise  in  the  midst 
of  civil  war. 

England  was  not  long  the  only  country  which  had  a 
scientific  society.  Italy  had  abready  had  two  in  the  time  of 
Galileo  and  Torricelli,  but  they  had  soon  been  broken  up 
again.  In  Germany,  the  *  Imperial  Academy  of  the  Curious 
in  Nature'  was  founded  in  1662  ;  and  in  1666  the  famous 
*  French  Academy  of  Sciences'  was  legally  established  by 
the  French  Government  in  Paris. 

All  these  societies  were  a  great  help  in  spreading  the 
knowledge  of  scientific  discoveries.  Men  who  before  were 
unable  to  publish  what  they  knew,  now  sent  or  read  their 
papers  to  those  who  could  understand  and  appreciate  them. 
The  Royal  Society  began  from  the  first  to  publish  useful 
memoirs  in  their  Philosophical  Transactions;  and  in  1669 
we  find  them  bringing  out  the  works  of  an  Italian  anatomist, 
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Malpighi,  of  whom  we  shall  speak  presently,  and  who  sent 
to  them  works  which  he  could  not  afford  to  publish  in  Italy. 
By  this  means  the  information  scattered  about  the  world 
was  gathered  together,  and  men  were  encouraged  to  seek 
out  new  truths  when  there  was  a  chance  of  their  being 
known  and  appreciated. 

Among  the  earlier  members  of  the  Royal  Society  there 
were  some  whose  discoveries  we  must  now  consider.     These 
were  Boyle  and  Hooke,  whom  we  have  already  mentioned ; 
}ohn  Mayow,  whose  experiments  in  chemistry  are  especially 
interesting ;  Ray,  Grew,  and  Malpighi,  naturalists  and  ana- 
tomists; the  Dutch  astronomer  Huyghens;   the  English 
astronomer  Halley,  and  last,  but  not  least,  England's  great 
philosopher,  Sir  Isaac  Newton. 


Chief  Works  consulted,— Q9Xioi!%  *  Physics,'  1873  ;  Balfour  Stewart 
oB'Hdt,*  187 1  ;  Rossitcr's  'Physics,'  1870;  Baden  PowelPs  « His- 
tory of  Nat.  Philosophy,*  etc  ;  Cuvier,  *  Histoire  des  Sciences,'  etc; 
Birch's  « Hist,  of  Royal  Society ;'  Thomson's  *  Hist,  of  Royal  Society,' 
1812. 
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CHAPTER  XVL 

SCIENCE  OF   THE   SEVENTEENTH   CENTURY   (CONTINUED). 
Boyle — Hooke — John  Mayow. 

Boyle's  Iiaw  of  the  Compressibility  of  Gases,  1661, 

— Tlie  Hon.  Robert  Boyle,  seventli  son  of  the  Earl  of  Cork, 
and  one  of  the  prindpal  founders  of  the  Royal  Society,  was 
bom  in  i6j6.  He  had  very  delicate  health,  and  when  quite 
young  travelled  much  abroad  and  learned  there  a  great  deal 
about  science  even  before  he  was  eighteen  years  of  age. 
He  was  deeply  interested  in  Galileo's  discoveries,  and  w 
in  Florence  when  that  great  astronomer  died  in  1642. 

After  his  return  to  England,  when  he  was  at  Oxford,  h« 
read  an  account  of  Guericke's  air-pump,  and  was  so  Atf> 
lighted  with  this  new  discovery  that  he  set  to  work  at  once 
to  make  one  without  ever  having  seen  the  original.  Hs 
succeeded  so  well,  with  the  help  of  his  friend  and  assistant 
Dr.  Hooke,  that  his  air-pump  became  famous,  and  man^ 
writers  have  by  mistake  given  him  the  credit  of  being  the 
inventor.  We  have  seen,  however,  that  Guericke  was  1 
first  to  hit  upon  this  instrument ;  Boyle  only  improved  i^ 
and  made  with  it  many  very  valuable  experiments  upon  tl 
weight  and  nature  of  air.  These  are  too  many  and  lengthy 
for  us  to  examine  here;  but  there  is  one  law  about  the 
compression  of  gases  which  you  will  find  connected  witi! 
Boyle's  name  in  all  books  on  physics,  and  which  you  ouglkl 
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to  understand.  Boyle  knew  from  Torricelli's  experiment 
that  the  weight  of  the  atmosphere  upon  the  air  close  down 
10  our  earth,  is  about  e(]ual  to  the  weight  of  30  inches  of 
mercury  in  a  tube  (see  p.  1 1 6).  Now  he  wished  to  find  out 
how  much  air  is  compressed,  or  forced  into  a  smaller  space, 
when  more  weight  is  put  upon  it,  and  to  discover  this 
he  devised  the  following  ex- 
periment He  took  a  tube  a', 
open  at  the  long  end  and  fuH 
of  ordinary  air,  and  by  putting 
a  Uttle  mercury  into  the  tube 
and  shaking  it  carefully  till  it 
settled  at  the  bottom,  he  cut 
off  a    small    quantity  of  air 

between  b   and  c     This  air 

■"isof  course  still  under  the 

liiua)   weight    of    the    atmo- 

^[ihete,    which  pressed   down 

upon  the  mercury  through  the 

ot>en  end  of  the   tube.     But 

the  mercury  did  not  add  to 

the  weight   because  it  stood 

1  the  same  height   on   both 

>ide«  of  the  tube,  and  so  was 

BKoly  balanced. 

He  next  added  more  mer-  *  ■*' 

<^uTy,  till   it  stood    30  inches 

'"gher  in  the  long  end  than  in  the  short  one  (as  seen  in  a^). 

ITie  air  between  b  and  c  was  now  pressed  down  twice  as 

"Buch  as  before,  for  it  had  the  30  inches  of  mercury  weigh- 

■"g  upon   it,  as  well  as  the  atmosphere,   which  equalled 

■noiher  30  inches.      Boyle  found  that  this  double  pressure 

lad  squeezed  it  into  Aaif  the  sjuce  (//  c.  Fig,  a')  ;  b  other 
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words,  by  doubling  the  pressure  he  had  halved  the  volume  aj 
the  air.  He  then  poured  in  30  inches  more  mercarir, 
making  the  pressure  three  times  as  great  as  at  first,  and  he 
found  the  air  was  now  compressed  into  one-ihird  of  the 
space  it  had  filled  at  first  And  this  he  proved  to  be  the 
law  of  compression  of  air  and  of  all  gases,  that  the  voiume  of 
a  gas  (that  is,  the  space  it  fills)  is  decreased  in  proportion  as  the 
weight  upon  it  is  increased.  If  you  double  the  pressure  youhahe 
the  volume;  if  you  halve  the  pressure  you  double  the  volume. 
This  law  of  the  compressibility  of  gases  is  known  as 
Boylis  Law^  or  sometimes  as  Marriotte's  LaWj  because  a 
Frenchman  named  Marriotte  also  discovered  it  some  years 
later  without  knowing  that  Boyle  had  done  so.  It  is  not 
always  absolutely  true,  but  we  cannot  stop  to  discuss  the 
exceptions  here;  you  will  find  them  in  books  on  physics 
and  chemistry. 

Boyle  and  Hooke  both  gave  much  time  to  the  study  of 
chemistry.  Hooke  published  a  theory  in  1665  that  air  acts 
upon  substances  when  they  are  heated,  and  so  produces  fire; 
for,  said  he,  in  making  charcoal,  although  the  wood  is  in- 
tensely heated  and  glows  brightly,  yet  so  long  as  the  air  is 
kept  away  it  will  not  be  consumed.  Boyle  also  proved  that 
a  candle  will  not  bum,  nor  animals  breathe,  without  air. 
He  found  that  when  he  put  mice  and  sparrows  into  his  air. 
pump,  and  then  drew  out  the  air,  they  died ;  and  that  flies, 
bees,  and  even  worms,  became  insensible;  while  fish, 
though  they  lived  longer  than  the  mice,  soon  turned  on  their 
backs  and  ceased  to  live.  He  also  put  a  bird  under  a  glass 
vessel  full  of  air,  and  it  died  after  three-quarters  of  an  hoar. 
It  was  clear,  therefore,  that  fresh  air  is  necessary  to  life,  and 
Boyle  began  to  think  that  just  as  a  candle-flame  cannot  be 
kept  up  without  air,  so  there  must  be  some  vital  fire  in  the 
heart  which  is  extinguished  when  air  is  shut  out  fipom  it 
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opinion  he  discussed  at  the  Oxford  meetings,  and  a 
»g  physician  named  John  Mayow  listened  very  eagerly, 
"and  then  went  home  and  set  himself  to  try  and  find  out 
what  lliis  strange  power  in  the  air  could  be,  without  which 
neither  fire  nor  animals  could  exist. 

Uayow's  Experimeuts  on  Reapiration  and  Com- 
IrttstioD,  1645-1678. — John  Mayow's  private  history  is  very 
short.  He  was  born  in  Cornwall  in  1645  ;  he  became  a 
fellow  of  All  Souls',  Oxford,  and  practised  as  a  physician  in 
Bilh ;  and  finally  he  died  at  the  house  of  an  apothecary  in 
York  Street,  Covent  Garden,  in  1679,  before  he  was  thirty- 
four  years  of  age.  This  is  all  we  know  about  his  life  ;  but 
he  must  have  been  a  diligent  worker  and  a  real  lover  of 
wence,  for  though  he  died  so  young  he  left  behind  him  an 
actount  of  a  number  of  ex])erimenis  and  discoveries  which 
entitled  him  to  be  called  the  greatest  chemist  of  the  seven- 
t«nih  century.  I  wish  we  could  go  through  all  his 
fiperiments,  for  they  form  a  most  beautiful  lesson  of  the 
eunest  and  painstaking  way  in  which  God's  laws  should  be 
investigated.  Mayow  never  made  a  careless  experiment;  he 
"i^i'cr  thrust  in  his  own  guesses  when  it  was  possible  to  work 
""l  the  truth ;  he  went  on  patiently  step  by  step,  taking 
every  care  to  avoid  mistakes,  and  never  resting  till  he  had 
got  to  the  bottom  of  his  difficulties.  Let  us  now  take  some 
"f  his  experiments  on  eombuslion,  or  burning,  and  respiration, 
i^t  breathing,  and  try  and  follow  them  as  carefully  as  he  did. 
it  seemed  to  him  clear  from  the  experiments  of  Boyle 
ind  Hooke  that  there  must  be  something  in  the  air  which 
pre  rise  to  flame  and  breath,  and  that  this  could  only  be  a 
"nail  put  of  the  air,  since  a  candle  when  put  under  a  bel!- 
t'law  went  out  long  before  all  the  air  was  gone.  He  first  of 
**!  wtisfied  himself  by  experiments  that  this  gas  which 
'""It,  and  whicli  he  called  fire-air,  was  not  only  in  the 
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^1  atmosphere,  but  existed  in  nitre,  or  saltpetre,  and  also  in 

^f  many  acids ;  and  then  he  set  to  work  to  discover  how  much 

of  it  there  was  in  ordinary  air.  To  do  this  he  took  a  piece  ] 
of  camphor,  with  some  tinder  dipped  in  melted  sulphui 
and  placed  tt  on  a  little  platform  hung  inside  a  bell-jar  (see  I 
Fig.  zo).  He  then  lowered  the  bell-jar  into  a  basin  of  I 
water,  having  first  put  a  siphon  or  bell-tube  under  the  bell-  J 
jar  to  let  out  enough  air  for  the  water  to  rise.  Then  he  \ 
took  the  tube  out,  leaving  the  water  at  the  same  height  J 
inside  and  outside  the  jar,  while  the  rest  of  the  jar  above  I 


I 


)n(Vo«i).  ■ 

the  water  was  full  of  air.  He  now  held  up  a  buming-gUa%fl 
and  brought  the  sun's  rays  to  a  focus  upon  the  camphor  an<ll 
tinder  till  it  grew  hot  and  burst  into  a  flame.  As  it  bumtj 
he  noticed  that  at  first  the  water  inside  the  jar  sank  dowi 
because  the  air,  being  heated,  expanded  and  took  up  more  J 
loom.  Then  after  a  time  the  camphor  ceased  to  bum,  the  I 
jar  cooled  down,  and  the  water  rose  again  higher  than  before^  I 
till  it  stood  above  the  water  outside.  The  camphor  w 
all  consumed,  but  when  he  tried  to  light  it  again  he  could  I 
not  succeed  Why  was  this  ?  '  Because,'  said  MayoiO 
'there  are  aofirt-air  particles  left  in  the  jar  to  make  tl 


CII.  XVI.         /;£SpmAr/O.V  AA-D  COAfffl/ST/OM  131 

camphor  bum,  and  the  using  up  of  these  particles  has  made 
the  rest  of  ihe  air  shrink  and  take  up  less  space.' 

He  now  wished  to  compare  burning  with  breathing,  so 
he  put  a  mouse  in  a  cage  and  hung  it  inside  the  bell-Jar, 
which  he  airanged  over  the  water  as  before.  Little  by  little 
as  the  mouse  breathed  the  water  crept  up  inside  the  jar, 
until  when  it  had  risen  to  a  certain  height  the  mouse  drooped 
and  died.  It  was  clear,  therefore,  that  animals  in  breath- 
ing use  up  some  portion  of  the  air.  But  is  it  the  same 
portion  which  the  fianie  uses  ?  Many  people  would  have 
jumped  at  this  conclusion,  but  Mayow  was  not  content  till 
he  had  proved  it  by  another  experiment.  He  put  a  lighted 
candle  and  a  mouse  together  inside  the  bell-jar.  The  water 
now  rose  much  faster  than  before ;  the  candle  went  out  first, 
and  then  the  mouse  drooped  as  soon  as  the  water  had  risen 
to  the  same  height  as  in  the  other  experiment.  He  was 
now  certain  that  the  candle  and  mouse  both  used  up  the 
same  fire-air  particles ;  but  to  make  still  more  sure,  he  put 
a  candle  under  a  bell-Jar  where  the  air  had  been  spoiled  by 
breathing,  and  it  went  out  directly. 

His  next  step  was  to  try  whether  air  was  lighter  or 
heavier  after  ihe  fire-air  had  been  used  up.  To  do  this  he 
put  two  mice  into  the  jar,  one  at  the  top  and  the  other  at 
the  bottom  ;  the  one  at  the  top  drooped  and  died,  while  the 
other  was  still  breathing.  This  proved  that  the  air  which 
had  lost  its  fire-air  particles  was  lighter  and  rose  to  the  top, 
1  10  that  the  top  mouse  could  no  longer  breathe.      By  these 

'  a  great  many  other  experiments  Mayow  proved  that  air 
Jlinaile  up  of  two  portions — the  one  which  supports  flame  and 

fe  being  oomparalively  heavy  ;  and  the  other  light  and  use- 

B  for  burning  or  breathing :  this  last  was  the  largest  portion. 

i*  Want  yoa  to  notice  this  particularly,  because  you  will  see 

7  and  by  that  Mayow  had  really  discovered  and  described 
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two  gases.  The  one  which  he  called  fire-air  was  oxygen, 
which  was  not  known  to  other  chemists  for  more  than  one 
hundred  years  later,  and  the  other  and  lighter  one  is  now 
called  nitrogen. 

Having  now  proved  that  an  animal  in  breathing  uses  up 
the  same  part  of  the  air  which  a  candle  does  in  burning 
Mayow  wanted  next  to  know  what  this  fire-air  did  inside  the 
animaL  Harvey,  as  you  remember,  had  proved  that  the 
blood  passes  through  the  lungs  and  there  meets  the  air  which 
we  draw  in  at  each  breath.  Here  then,  said  Mayow,  the 
fire-air  particles  must  come  in  contact  with  the  blood,  and, 
joining  with  it  in  the  same  way  as  they  do  with  the  fat  of  a 
candle,  must  cause  tlie  heat  of  the  blood.  If  any  one  wants 
to  prove  this  let  him  run  fast.  He  will  find  that  he  is 
obliged  to  breath  more  quickly  and  draw  more  air  into  his 
lungs,  which  will  soon  make  his  blood  hotter  and  move 
more  quickly,  till  his  whole  body  glows  with  warmth.  But 
if  this  mixture  of  the  air  with  the  blood  does  n.'3lly  take 
place,  the  arteries  into  which  blood  has  just  flowed  from  the 
lungs  and  heart  ought  to  be  full  of  air;  and  this  is  easily 
proved  to  be  the  case  by  putting  warm  arterial  blood  uader 
an  air-pump,  where  as  soon  as  the  pressure  of  the  outside 
air  is  taken  off,  innumerable  bubbles  rise  out  of  the  blood 
as  fast  as  they  can  come. 

In  this  way,  by  careful  experiments  and  reasoning,  Mayow 
succeeded  in  proving  that  fire-air  (or  oxygen)  is  the  diieC 
agent  in  combustion  and  respiration.  If  he  had  not  died  so 
young  he  might  have  become  more  known,  and  men  might 
have  studied  his  discoveries,  which  he  published  in  167. 
Unfortunately,  however,  he  did  not  live  to  spread  his  kno»^ 
ledge,  and  a  false  theoty  of  combusrion  caused  his  work  to 
be  forgotten  for  many  a  long  year. 

Theory  of '  Phlogiston,'  1680-1723. — This  tlieory 


praposed  by  two  very  eminent  chemists,  John  Joachim 
Bccher  {1625-1681)  and  Ernest  Stahl  (1660-1734), 
Ernest  Slahl  in  particular  was  a  man  of  great  talent  and  per- 
severance, and  he  did  a  great  deal  for  the  study  of  chemistry 
by  collecting  a  great  number  of  facts  about  the  way  in  which 
different  substances  combine  together,  and  by  arranging  these 
&ct5  into  a  system.  But  his  theory  of  combustion  was  a 
very  misleading  one,  although  it  had  a  germ  of  truth  in  iL 
Stahl  imagined  that  all  bodies  which  would  burn  contained 
an  invisible  substance  which  he  called  '  Pfilogislon,'  and  that 
when  a  body  was  burnt  it  gave  up  its  phlogiston  into  the 
miT,  and  could  only  regain  it  by  taking  it  out  of  the  air  or  some 
Other  substince.  It  would  only  confuse  you  to  try  and 
oadetstand  how  this  theory  explained  some  of  the  facts  of 
dicmistry.  You  will  see  at  once  one  which  it  did  not  explain, 
namely,  why  a  body  should  grow  heavier  when  it  is  burnt,  as 
Geber,  1500  years  before,  had  shon-n  it  does.  It  seemed, 
however,  to  answer  so  well  in  a  great  many  problems,  that 
chemists  beheved  in  it  for  nearly  a  hundred  years,  and 
Mayow's  true  explanation  was  forgotten  till  the  eighteenth 
century,  when  fresh  experiments  brought  it  again  to  the 
front. 


yffrii  cBHsullfd. — Brandt's  '  Manual  of  Chcmisliy' — Inlro- 
Rodwell's  'Birth  of  Chemistry;'  Veals  'On  Claims  of 
to  Discoveries  in  Chemistry  and  Physioli^,'  \^<)%  \  Birch's 
Boyle.'  1744!  Shaw's  •  Philosophical  Works  of  BoyU,'  1725- 
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CHAPTER   XVII. 

SCIENCE  OF  THE  SEVENTEENTH  CENTURY  (CONTINUED). 
Malpighi — Leeuwenhoeck — Grew — Ray  and  Willughby. 

Use  of  the  MioroBOope  by  Malpighi,  1661. — ^We  have 
now  fairly  left  behind  us  the  first  fifty  years  of  the  seven- 
teenth century;  indeed,  the  experiments  of  Boyle  and 
Mayow  were  all  made  after  1650.  But  I  wish  especially 
to  remind  you  in  this  place  that  we  have  just  begun  the 
second  half  of  the  century,  because  it  will  help  you  to  re- 
member an  important  study  which  began  very  quietly  about 
this  time,  but  which  has  in  the  end  opened  out  to  us  an 
entirely  new  world  of  discovery.  In  the  year  1609,  at  the 
beginning  of  the  century,  Galileo  brought  distant  worlds  into 
view  by  the  use  of  the  telescope ;  and  in  like  manner  in  the 
year  1661,  or  about  the  middle  of  the  century,  Malpighi, 
by  the  use  of  the  microscope^  revealed  the  wonders  of  infinitely 
minute  structures,  or  parts  of  living  bodies ;  enabling  men 
to  see  fibres,  vessels,  and  germs,  which  were  as  much 
hidden  before  by  their  minuteness  as  the  moons  of  Jupiter 
had  been  by  their  distance.  It  is  not  quite  certain  who 
invented  the  microscope  (fttK/aos,  little  ;  criccwreca,  Hook) ;  but 
as  the  first  which  were  made  were  only  telescopes  (see  p. 
95),  with  lenses  of  such  a  focus  as  to  look  at  an  object  near 
instead  of  far  off,  any  one  may  easily  have  hit  upon  the 
idea.     The  important  point  was  the  use  made  of  them,  and 
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shis,  as  (ar  as  regards  the  structure  of  living  beings,  we  owe 
to  Milpighi, 

Marcelio  Malpighi  was  bom  at  Crevalcuore,  near  Bologna, 
in  the  year  i6a8  ;  he  became  Professor  of  Medicine  at  the 
University  of  Bologna  in  1656,  and  was  early  distinguished 
fnr  his  discoveries  in  Anatomy,  made  chiefly  by  the  use  of 
ihe  microscope.  It  is  not  possible  without  a  knowledge 
01"  anatomy,  to  understand  thoroughly  the  structures  which 
he  described,  but  we  may  be  able  to  forna  a  general  idea 
of  the  work  he  did. 

One  of  his  first  experiments  was  the  examination  of  the 
general  circulation  of  the  blood  in  the  stomach  of  a  frog, 
and  he  succeeded  in  demonstrating  the  fact  that  the  arteries 
we  connected  with  the  veins  by  means  of  minute  tubes 
uiied  capillaries,  thus  proving  beyond  doubt  the  truth  of 
Harvey's  doctrine.  His  next  work  was  to  study  the  passage 
of  the  blood  through  the  lungs  {see  p.  1 1 1),  and  to  describe 
the  air-cells  from  which  the  blood  derives  Its  oxygen.  If 
>■()«  tan  get  anyone  to  show  you  properly  under  the  micro- 
*«>pe  a  section  of  a  frog's  lung,  you  will  see  a  number  of 
round  spaces  bordered  by  a  delicate  partition ;  these  are 
sections  of  air-cells,  and  round  them  you  will  see  a  network 
cf  mmute  tubes.  Through  these  tubes  or  capillaries  the 
blood  flows  in  a  living  creature,  and  takes  up  oxygen  from 
'lie  air  through  the  coverings  or  membranes  of  the  air-cells 
uiii  capillaries,  giving  back  carbonic  acid  in  exchange  to 
Iv  breathed  out  into  the  atmosphere.  Malpighi  was  the 
fitst  lo  point  out  these  air-cells,  and  to  describe  the  way  in 
•■hich  the  blood  passes  over  them.  After  this  he  turned  his 
mention  to  the  tongue,  and  published  in  1665  a  careful  de- 
toiption  of  all  its  nerves,  vessels,  and  coverings.  He  also 
pointed  out  that  the  outside  layer  of  the  skin  or  epidermis 
PJDf  the  negro  is  as  white  as  yours  or  mine,  and  that  the 
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colouring  matter  which  gives  him  his  dark  colour  is  con- 
tained in  a  deeper  layer  just  at  the  poiot  where  the  epidermis 
d  li  joins  the  dermis  or  real  fib- 

(    ~^^  I  rous  skin  beneath  (see  F^ 

"IjCft^^ff^  ■"  Z2.)     This  soft  layer  is  still 

ShH^r'  called  the  '  Malpighian  Uyer,' 

^B^^H|^B^  and   the  different  colours  (tf 

^Kj^^Kj^M  ^^    skins    of    animals    are 

"l^^^I^^  caused  by  little  cells  of  col- 

F'c-  "■  curing  matter  which  lie  buried 

SeclionortheSkindliHkT.)  ■     ;. 

tt,  EpidtnniL    b,  It<  d«per  liyer.  or  ^       _ 

w.ipighian  layer,  f  Upper  lart  o(      After  Malpighi  h^  exam- 

IhE  drrmii,  at  true  skm.    dd.  Per.    .  '^  ° 

jpirtiion  ducts.  ined  many  other  mmute  struc- 

tures of  the  human  body,  he  began  next  to  study  insects, 
and  in  1669  he  published  a  beautiful  desciiption  of  the 
silkworm.  With  his  microscope  he  discovered  the  small 
holes  or  pores  which  are  to  be  seen  along  both  sides  of  the 
body  of  an  insect,  and  he  found  that  these  pores  were  open- 
ings into  minute  air-tubes,  which  pass  into  every  part  of 
the  insect's  body,  and  form  a  breathing  apparatus.  He  also 
described  the  peculiar  vessels  in  which  the  silkworm  secretes 
the  juice  from  which  its  silk  is  made,  and  he  traced  the 
changes  which  the  different  parts  of  the  worm  undergo  as 
it  turns  into  the  moth.  In  fact,  he  was  the  first  man  who 
attempted  to  trace  out  the  anatomy  of  such  small  creatures 
as  insects ;  a  study  to  which  men  now  often  devote  their 
whole  hves. 

But  grand  as  Malpighi's  discoveries  were,  a  Dutchman 
named  Leeuwenhoeck  (bom  1632,  died  T723)  made  the 
microscope  tell  even  a  more  wonderful  tale,  for  be  detected 
in  water  and  in  the  insides  of  animals  those  extremely 
minute  beings  which  he  called  animaioiles.  He  showed 
that  a  piece  of  the  soft  roe  of  the  cod-fish  not  bigger  than 
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an  ordinaiy  grain  of  sand  might  contain  ten  thousand  of 
these  living  creatures.  Wiien  such  tiny  beings  as  these 
coulii  \x  seen  and  examined,  I  think  you  will  acknowledge 
that  I  did  not  speak  too  strongly  when  I  said  that  the 
microscope  has  opened  out  to  us  a  new  and  marvellous 
"orld  of  life. 

Vegetable  Anatomy,  Grew  and  Malpighi,  1670. — 
From  insects  Malpighi  next  turned  to  plants ;  and  it  is 
curious  that  at  about  the  same  time  an  English  botanist 
named  N  eh  emiah  Grew  (born  i6a8,  died  t7ii),whowas 
secretary  to  the  Royal  Society,  also  took  up  the  same  study  ; 
and  the  papers  of  l!ie  two  men  were  laid  before  the  Royal 
Society  on  the  same  day  in  1670.  Malpighi's  complete 
*wk  was  aftenvards  published  in  1674,  and  Grew's  in  1682. 
The  investigations  of  these  two  men  agreed  in  many 
remarkable  points  ;  they  had  both  of  them  examined  with 
peat  care  the  flesh  (if  we  may  call  it  so)  of  plants,  and 
ihey  described  for  the  first  time  the  tiny  bags  or  cells  of 
fKich  every  part  of  a  plant  is  made,  and  which  you  may 
easily  see  for  yourself  if  you  put  a  very  thin  piece  of  the 
puipy  part  of  an  apple,  or  better  still,  of 
■he  pith  of  elder  under  the  microscope 
(we  Fig,  13).  They  had  also  noticed 
the  long  tubes  which  lie  among  the 
Woody  fibres  in  the  stringy  or  fibrous 
pan  of  a  plant  and  in  the  veins  of  the 
leaves,  and  Grew  had  pointed  out  quite 
truly  that  these  lubes,  which  are  called  ouuianiu 
vttsels  or  diuts,  are  composed  of  P'''">f'''e«'' 
Strings  or  cells  which  have  grown  together  into  c 
cell  or  tube. 

Grew  also  first  saw  those  beautiful  little  mouths  in  the 
r  idun  of  the  leaves  called  stemaies,  which  open  when  the  %_ 
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is  damp,  and  serve  for  taking  in  and  giving  out  air  and 
moisture.  To  see  these  you  must  take  a  very  thin  piecfe  of 
the  skin  of  the  under  part  of  the  leaf,  and  place  it  in  water 

under  the  microscope;  you  will  see  a 
number  of  very  small  roundish  or  oval 
spaces  (a,  Fig.  24),  and  if  you  watch 
carefully  you  will  most  likely  see  some 
of  them  open  in  the  water.  Grew  dis- 
covered these  stomates  and  pointed  out 
their  use.  He  also  studied  very  care- 
FiG.  94.  f-^ijy  ^j^g  ^^y  jj^  which  seeds  begin  to 

Piece   of  the  outer  skin  .         __, - 

taken  from  the  under-    SprOUt ;    DUt  OU  thlS  pomt    Malpighl  did 

side  of  an  apple  leaf.      ,  i>        «  i      i  <■  i 

a  ay  Stomates.  ^  Cells  the   most,  for  hc  watched   under  the 

of  Uie  skin  (Carpenter).         .  111  <-     • 

microscope  the  whole  process  of  the 
growth  of  seeds,  and  described  all  the  different  states 
of  the  germ,  comparing  them  to  the  growth  of  a  chicken  in 
the  egg,  and  showing  how  much  an  egg  and  a  seed  resemble 
each  other  in  many  particulars. 

By  these  few  examples  you  can  form  an  idea  how  much 
Grew  and  Malpighi  did  towards  the  study  of  the  structure 
of  plants  or  Vegetable  Anatomy^  a  science  which  they  may 
almost  be  said  to  have  founded,  and  one  which  you  may 
work  at  yourself  with  the  help  of  a  fairly  good  microscope 
and  an  elementary  book  on  Botany.  If  you  will  do  this 
with  patience  and  care  you  will  be  well  repaid ;  for  some  of 
the  most  beautiful  and  delicate  of  the  contrivances  of  Nature 
lie  hid  in  those  frail  flowers  which  we  gather  for  their  scent 
and  beauty,  and  fling  away  without  imagining  what  wonder- 
ful structures  they  can  reveal  to  us  even  when  dead  and 
withered. 

Classiflcation  of  Plants  and  Animals  by  Bay  and 
Willughby,  1698-1705. — We  now  come  to  the  history  of 
two  friends,  which  is  in  itself  a  pleasure  to  dwell  upon,  even 


if  they  had  not  both  been  great  men ;  but  which  becomes 
much  mote  interesting  when  we  remember  that  it  was  their 
love  of  the  study  of  Nature  which  first  brought  them  together, 
9nii  which  made  them  inseparable,  not  only  in  life,  but  in 
llicir  works  afier  death. 

John  Kay,  one  of  the  greatest  botanists  of  the  seven- 
icenth  century,  was  bom  near  Braintree,  in  Essex,  in  the 
year  1628.  Though  only  the  son  of  a  blacksmith,  he  re- 
ceived a  good  education  al  the  grammar  school  of  the  tonn 
and  went  afterwards  to  Cambridge,  where  he  remained  as  a 
lutor  after  he  had  taken  his  degree.  Here  one  of  his  first 
pupils  was  a  Mr.  Francis  Willughby,  of  Middleton  Hall,  in 
l^'jfwickshire,  a  man  seven  years  younger  than  himself,  and 
liclonging  to  quite  a  different  rank  in  society.  These  two 
men,  however,  had  one  great  interest  in  common — they  were 
i">th  passionately  fond  of  Natural  History,  and  spent  all 
liieir  spare  time  in  studying  it  together. 

They  soon  found  thai  the  descriptions  and  classifications 
of  plants  and  animals  which  had  been  drawn  up  by  earlier 
naturalists  were  very  imperfect,  and  they  formed  the  project 
of  making  a  complete  classification  of  all  known  plants  and 
itniinals,  describing  them  as   far  as  they  were  able,   and 
wranging  them  in  groups  according  to  their  different  cha- 
racters.    Willughby  undertook  the  birds,  beasts,  and  fishes, 
*hile  Ray  devoted  himselfchiefly  to  plants;  but  they  worked 
''Jgeiher  in  all  the  branches,  and  Ray,  as  we  shall  see,  ended 
I      ^?  <ioing  far  more  than  his  share  of  the  work. 
^L     From  1663  to  1666  the  two  friends  travelled  together 
HsiVr  England,  France,  Germany,  and  Italy,  making  coliec- 
■'Aas  of  plants  and  animals,  and  \\'illughby  took  a  pleasure 
"1  using  his  wealth  lo  add  to  the  knowledge  of  his  poorer 
companion.     Soon  after  their  return  Ray  was  made  a  feilow 
Of  the  Royal  Society,  and  Willughby  was  not  long  before  he 
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received  the  same  honour.     Willughby  now  mairied,  and 
though  Ray  continued  his  travels  alone,  yet  a  great  part  of 
his  time  was  spent  at  Middleton  Hall,  where  the  two  friends 
made  experiments  upon  sap  in  the  trees  and  the  way  it 
flows. 

In  this  way  they  worked  together  till,  in  1672,  Mr. 
Willughby  died  of  a  fever,  leaving  a  sum  of  sixty  pounds  a 
year  to  Ray,  and  begging  him  to  bring  up  his  two  little  sons 
and  to  continue  his  works  on  Zoology,  which  he  had  left  un- 
finished.    The  way  in  which  Ray  fulfilled  these  requests  fully 
showed  the  affection  which  he  felt  for  his  lost  friend     He 
brought  up  the  boys  till  they  were  removed  from  his  care  by 
relations ;  and  as  to  the  works,  he  edited  them  with  so  much 
care  and  such  a  touching  desire  to  give  every  credit  to 
Willughby,  that  much  of  the  work  which  must  have  been 
Ray's  stands  in  his  friend's  name,  and  in  fame,  as  in  life,  it 
is  impossible  to  separate  them. 

We  can  only  form  a  very  general  idea  of  the  kind  of 
classifications  which  Ray  and  Willughby  adopted,  for  a  mere 
list  of  classes  would  be  neither  interesting  nor  useful.  The 
first  book,  which  was  on  Quadrupeds,  was  published  by  Ray 
in  1693.  He  divided  these  first,  as  Aristotle  had  done, 
into  oviparous,  or  those  that  are  bom  from  eggs,  like  frogs 
and  lizards ;  and  viviparous,  or  those  which  are  bom  alive, 
like  lambs  and  kittens.  He  then  divided  the  viviparous 
quadrupeds  into  those  which  have  the  hoof  all  in  one  piece, 
like  the  horse,  and  those  with  a  split  hoof,  like  the  ox  and 
goat  Those  with  split  hoofs  he  divided  again  according  as 
they  chewed  the  cud  like  the  ox,  or  did  not  like  the  pig. 
Then  came  the  animals  whose  hoofs  are  split  into  many 
parts,  as  thejhippopotamus  and  rhinoceros ;  then  those  which 
have  nails  only  in  place  of  toes,  as  the  elephant ;  then  those 
which  have  toes  but  no  separation  between  the  fourth  and 


(.H.XV11.  ZOOLOGY.  HI 

fifth  toes,  as  the  cat,  dog,  and  mole  ;  and  lastly,  tliose  which 
have  the  fifth  finger,  or  toe,  quite  separate,  as  the  monkeys. 
After  this  he  divided  them  more  fully,  by  their  teeth,  and 
ihus  made  a  very  fair  classification  of  quadrupeds. 

The  book  u|Jon  Birds,  which  comes  next  in  order,  had 
already  been  pubHshed  by  Ray  in  1677,  four  years  afier 
Willughby's  death.  In  it  birds  were  divided  first  into  land- 
birds  and  water-birds,  and  were  then  classified  by  the  shape 
of  their  beak  and  claws,  and  according  as  they  fed  upon 
flesh  like  the  vulture,  or  upon  fruit  and  seeds  like  the  parrot 
The  water-birds  were  also  divided  into  those  which  were  long- 
legged,  as  the  flamingo,  or  short-legged,  as  the  duck,  and 
■ocardiog  as  the  web  between  their  toes  was  more  or  less 
'    eomplete. 

The '  History  of  Fishes  '  is  given  as  the  joint  work  of  Ray 
ind  Willughby ;  the  groups  into  which  they  divided  them 
iie  nearly  Uie  same  as  those  now  used. 

The  '  History  of  Insects '  was  Ray's  work,  and  was  pub- 
lished by  friends  after  his  death,  in  the  same  way  as  he  had 
piililished  WUIughby's.  He  divided  insects  into— first,  those 
which  undergo  metamorphosis  (that  is,  turn  from  the  cater- 
I>illiir  into  the  moth),  as  the  silkwonn,  and  all  moths  and  but- 
laflies ;  and  second,  those  which  do  not  change  their  form  ; 
and  then  he  subdivided  them  according  to  the  number  of 
Iheir  feet,  the  shape  of  their  wings,  and  many  other  characters. 

But  Ray's  greatest  work  was  upon  Plants,  which  he 
ssilied  much  more  perfectly  than  Ciesalpinus  had  done. 
e  divided  them  first  into  imperfect  plants,  or  those  whose 
s  are  invisible,  as  mosses  or  mushrooms ;  and  perfect 

U,  or  those  having  visible  flowers.  The  perfect  plants 
k  divided  into  two  classes — first,  the  dicotyledons,  or  those 
e  seeds  oi>en  out  into  two  seed-leaves,  like  the  wall- 
wci  ot  the  bean  in  which  last  you  can  see  the  two  cot^  ■ 
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dons  very  clearly  as  they  form  the  two  halves  of  the  bean 
when  you  take  off  the  outer  skin;  and  secondly,  the 
monocotyledons^  or  those  whose  seeds  have  only  one  laxge 
seed-leaf,  like  a  grain  of  wheat.  The  dicotyledons  he  again 
divided  into  those  having  simple  flowers,  like  the  buttercup, 
and  those  whose  flowers  are  compound^  like  the  daisy ;  for  if 
you  pick  a  daisy  to  pieces  you  will  find  that  the  centre  is 
made  up  of  a  number  of  little  flowers,  each  of  them  perfect 
in  itself  and  having  its  own  green  calyx  and  coloured  corolla, 
and  its  own  stamens  and  seed-vesseL  Even  the  white  strap- 
like rays  round  the  daisy  are  each  a  separate  though  imperfect 
flower,  therefore  every  daisy  is  a  branch  of  little  flowerets,  or 
a  compound  flower.  Ray  went  on  next  to  class  the  simple 
flowers  according  to  the  number  of  seeds  they  bore,  and  the 
way  in  which  the  seeds  were  arranged  in  the  seed-vessel. 
In  this  way  he  made  a  rough  but  complete  classification  of 
all  the  known  plants.  Linnaeus,  the  great  botanist  of  the 
eighteenth  century,  adopted  many  of  Ray's  divisions,  which 
had  meanwhile  been  made  more  perfect  by  Joseph  Toume- 
fort,  a  Frenchman,  born  at  Aix,  in  Provence,  in  1656. 

Ray  outlived  his  friend  Willughby  more  than  thirty 
years,  and  died  in  1705  at  the  age  of  seventy-seven.  His 
death  brings  us  to  the  end  of  the  Natural  History  of  the 
seventeenth  century,  so  far  as  we  have  been  able  to  notice 
it  But  I  cannot  too  oft;en  insist  upon  the  fact  that  the  men 
here  selected — Malpighi,  Grew,  Ray,  and  Willughby — are 
merely  a  few  among  an  immense  number  of  observers  in  the 
same  line  of  study.  I  have  picked  out  those  whose  work 
is  most  easily  to  be  understood,  and  whose  names  are  well- 
known  ;  but  I  could  have  selected  not  four  but  forty  others 
who  ought  to  have  been  mentioned,  in  anything  like  a  com- 
plete history  of  the  period.  We  must,  however,  be  content 
to  catch  here  and  there  a  glimpse  of  the  advance  that  was 
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being  made,  always  remembering  that  an  almost  inexhaust- 
ible store  of  further  information  remains  behind  when  we 
have  opportunity  to  seek  for  it 


Chief  Works  consulted, — Cuvier,  'Hist,  des  Sciences  Naturelles  ;' 
Carpenter's  'Physiology;'  Sprengel,  *  Histoire  de  la  Medecine;' 
Wbewell*s  *  History  of  Inductive  Sciences  ; '  Carpenter,  *  On  the  Micro- 
«copc;*  *  Memorial  of  John  Ray,'  E.  Lankester,  1846  ;  *  Life  of  Ray 
and  WiHughby,'  Naturalists'  Library,  vol.  xxxv. ;  Lardner's  *  Encyclo- 
paedia ' — Classification  of  Animals. 
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CHAPTER  XVIII. 

SCIEN'CE  OF  THE   SEVENTEENTH  CENTURY  (CONTINUED). 

Newton — Fluxions  and  differential  Calculus — Theory  of  Gra^tation — 
Attraction  varies  inversely  as  the  Squares  of  the  Distance — ^The 
*  Principia.' 

Newton,  1642. — We  must  now  leave  the  living  creation  and 
return  to  physical  science,  for,  during  all  those  years  with 
which  we  have  been  occupied  since  the  time  of  Galileo 
and  Kepler,  a  boy  had  been  growing  up  into  manhood,  who 
was  to  become  one  of  the  greatest  men  of  science  that  Eng- 
land has  ever  known.  In  1642,  the  same  year  in  which 
Galileo  died,  a  child  was  bom  at  Woolsthorpe,  near  Gran- 
tham in  Lincolnshire,  who  was  so  tiny  that  his  mother  said 
*  she  could  put  him  into  a  quart  mug.*  This  tiny  delicate 
baby  was  to  become  the  great  philosopher  Newton. 

We  hear  of  him  that  he  was  at  first  very  idle  and 
inattentive  at  school,  but,  having  been  one  day  passed  in 
the  class  by  one  of  his  schoolfellows,  he  determined  to  regain 
his  place,  and  soon  succeeded  in  rising  to  the  head  of  them 
all.  In  his  play  hours,  when  the  other  boys  were  romping, 
he  amused  himself  by  making  little  mechanical  toys,  such  as 
a  water  clock,  a  mill  turned  by  a  mouse,  a  carriage  moved 
by  the  person  who  sat  in  it,  and  many  other  ingenious  con- 
trivances. When  he  was  fifteen  his  mother  sent  for  him 
home  to  manage  the  farm  which  belonged  to  their  estate; 
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liui  It  was  goon  clear  tha,!  he  was  of  no  use  as  a  farmer,  for 
though  he  tried  hard  to  do  his  work,  his  mind  was  not  in  it, 
and  he  was  only  happy  when  he  could  settle  down  under  a 
hec^  iitith  his  book  lo  study  some  difficult  problem.  At 
last  one  of  his  uncles,  seeing  how  bent  the  boy  was  upon 
study,  persuaded  his  mother  to  send  him  back  to  school  and 
lo  college,  where  he  soon  passed  all  his  companions  in 
maihematics,  and  became  a  Fellow  of  Trinity  College, 
Cambridge,  in  1667.  But  even  before  this,  in  the  year  1666, 
tiii  bus}'  mind  had  abeady  begun  lo  work  out  the  three 
pMlest  discoveries  of  his  life.  In  that  year  he  discovered 
tliE  remarkable  mathematical  process  called  the  ^Method  of 
Piuxieitil  which  is  almost  the  same  as  that  now  called  the 
'Diftrential  Calculusl  worked  out  about  the  same  time  by 
I-t^ibnit?,  a  great  German  mathematician.  In  that  year  he 
-'w  made  the  discoveries  about  Light  and  Colour,  which  we 
'hall  speak  of  by  and  by ;  and  again  in  that  year  he  first 
iliought  out  the  great  Theory  0/  Gravilation,  which  we  must 
low  consider. 

Theory  of  Oravitation,  1868. — In  the  course  of  hb 
Wionomical  studies,  Newton  had  come  across  a  problem 
"iiich  he  could  not  solve.  The  problem  was  this.  Why 
liotsihi-  moon  always  move  round  the  earth,  and  the  planets 
found  the  sun?  The  natural  thing  is  for  a  body  to  go 
"flughl  on.  If  you  roll  a  marble  along  the  floor  it  moves 
« in  a  straight  line,  and  if  it  were  not  stopped  by  the  air 
wd  the  floor,  it  would  roll  on  for  ever,  Why,  then,  should 
^  Ivdia  in  the  sky  go  round  and  round,  aitd  not  straight 
^»vardi 
E  While  Newton  was  still  pondering  over  this  question,  the 

£  broke  out  in  Cambridge  in  the  year  1665,  and  he 
I  lo  go   back  to  Woolsthor]je.     Here  he  was 

ig  one  day  in  the  garden,  meditating  as  usual,  when  an 
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apple  from  the  tree  before  him  snapped  from  its  stalk  and 
felt  to  the  ground.  This  attracted  Newton's  attention ;  he 
asked  himself,  Why  does  the  apple  fall  1  and  the  answer  he 
found  was.  Because  the  earth  pulls  it.  This  was  not  quite  & 
new  thought,  for  many  clever  men  before  Newton  had 
imagined  that  things  were  held  down  to  the  earth  by  a  kinl 
of  force,  but  they  had  never  made  any  use  of  the  idi 
Newton,  on  the  contrary,  seized  upon  it  at  once,  and 

n  further.  If  the  earth  pulls  the  apple,  said  he,  and 
not  only  the  apple  but  things  very  high  up  in  the  air,  wh; 
should  it  not  pull  the  moon,  and  so  keep  it  going  rouM 
and  round  the  earth  instead  of  moving  on  in  a  straight  line 
And  if  the  earth  pulls  the  moon,  may  not  the  sun  in  ttw 
same  way  pull  the  earth  and  the  planets,  and  so  ket 
them  going  round  and  round  with  the  sun  as  their  centre 
just  as  if  they  were  all  held  to  it  by  invisible  strings? 

You  can  understand  this  idea  of  Newton's  by  taking 
ball  with  a  piece  of  string  fastened  to  it,  and  swinging  Jt; 
round.  If  you  were  to  let  the  string  go,  the  ball  would  &f 
off  in  a  straight  line,  but  as  long  as  you  hold  it,  it  will  go 
round  and  round  you.  Thus  Newton  imagined  that  every- 
thing near  the  earth  is  pulled  towards  it  by  an  invisible  forcfli 
as  you  would  pull  the  ball  by  the  string ;  but  the  ball  doef 
not  come  to  you,  although  the  string  pulls  it,  because  of  the 
other  force  which  is  carrying  it  onwards  ;  and  in  the  same 
way  the  moon  would  not  come  to  the  earth,  but  would  gO 
on  revolving  round  it 

Newton  felt  convinced  that  this  guess  was  right,  and  that 
ihe/orce  of  giwitntion,  as  he  called  it,  kept  the  moon  going 
round  the  earth,  and  the  planets  round  the  sun.  But  a  mere 
guess  is  not  enough  in  science,  so  he  set  to  work  to  prove 
by  very  difficult  calculations  what  the  effect  ought  to  be  if  it 
was  true  that  the  earth  pulled  or  attracted  the  moon.     To 
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make  these  calculations  it  was  necessary  to  know  exactly 
ihe  distance  from  the  centre  of  the  earth  to  its  surface, 
beause  the  attraction  would  have  to  be  reckoned  as  if  all 
ihe  mass  of  the  earth  were  collected  at  the  centre,  and  then 
M  decreasing  gradually  til!  it  reached  the  moon.  Now  the 
siwoflhe  earth  was  not  accurately  known,  so  Newton  had 
to  use  the  best  measurement  he  could  get,  and  to  his  great 
ilisappointment  his  calculations  came  out  wrong.  The  moon 
in  fact  moved  more  slowly  than  it  ought  to  do  according  to 
liis  theory.  The  difference  was  small,  for  the  pull  of  the 
aith  was  only  one-sixth  greater  than  it  should  have  been  ; 
but  Nenton  was  loo  cautious  to  neglect  this  want  of  agree- 
ittMil.  He  still  believed  his  theory  to  be  true,  but  he  had 
So  right  to  assume  that  it  was,  unless  he  could  make  his 
calculation  agree  with  observation.  So  he  put  away  his 
pa^t^  in  3  drawer  and  waited  till  he  should  find  some  way 
out  of  the  difficulty. 

This  is  one  of  many  examples  of  the  patience  men  must 
■■'Jve  who  wish  to  make  really  great  discoveries.  Newton 
"■liled  sLttect  yean  before  he  solved  the  problem,  or  spoke  1 
iij  any  one  of  the  great  thought  in  his  mind  But  more 
"ght  came  at  last ;  it  was  in  1666,  when  he  wasonly  twenty- 
^'Jui,  that  he  saw  the  apple  fall ;  and  it  was  in  1682  that  he 
fieard  one  day  at  the  Royal  Society  that  a  Frenchman 
lamed  Picart  bad  measured  the  size  of  the  earth  very  accu- 
fately,  and  had  found  that  it  was  larger  than  had  been 
Supposed.  Newton  saw  at  once  that  this  would  alter  all  his 
calculations.  Directly  he  heard  it  he  went  home,  took  out 
hb  papers,  and  set  to  work  again  with  the  new  figures. 
Imagine  his  satisfaction  when  it  came  out  perfectly  right ! 
It  is  said  that  he  was  so  agitated  when  he  saw  that  it  was 
gCHng  to  succeed,  that  he  was  obliged  to  ask  a  friend  to 
ih  working  out  the  calculation  for  him.      His  patience 
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was  rewarded ;  the  attraction  of  the  earth  exactly  agreed 
with  the  rate  of  movement  of  the  moon,  and  he  knew  now 
that  he  had  discovered  the  law  which  governed  the  motions 
of  the  heavenly  bodies. 

This  law  of  Newton's  is  called  the  ^Law  of  Gramtaiumi 
and  we  must  now  try  to  understand  what  it  is.  Gravitation 
means  the  drawing  of  one  thing  towards  another.  All  the 
objects  upon  our  earth  are  held  there  by  gravity,  which  pulls 
or  attracts  them  towards  the  centre  of  the  earth.  If  there 
were  no  such  thing  as  gravity  there  would  be  nothing  to 
prevent  our  chairs  and  tables,  and  even  ourselves,  from 
flying  into  space  at  the  slightest  impulse ;  but  they  are  all 
held  to  the  earth  by  gravity,  and  if  you  dig  a  hole  under 
them  they  fall  directly  nearer  to  the  centre. 

Now  let  us  see  how  this  attraction  of  gravitation  affects 
the  planets.  Every  one  of  the  bodies  in  the  heavens  pulls 
or  attracts  all  the  other  bodies,  just  in  the  same  way  as  the 
earth  attracts  the  apple  on  the  tree.  But  as  they  are  all 
moving  rapidly  along  (like  the  ball  swung  round  your  head) 
they  do  not  fall  into  each  other,  but  the  smaller  bodies  move 
round  the  larger  ones  which  are  near  them,  just  as  if  they 
were  fastened  to  them  by  invisible  elastic  threads.  The 
smaller  ones  move  round  the  larger  one,  because  it  is  not 
only  each  body  as  a  whole  which  pulls  the  other  bodies,  but 
every  tiny  atom  of  matter  in  each  planet  is  pulling  at  all  the 
atoms  in  all  the  other  planets ;  so  the  bigger  a  body  is,  and 
the  more  atoms  it  has  in  it,  the  more  it  will  draw  other 
bodies  towards  it  Our  sun  pulls  the  planets,  and  the 
planets  pull  the  sun ;  but  our  sun  has  700  times  more  atoms 
in  it  than  all  the  planets  put  together,  and  so  it  keeps  them 
moving  round  it.  In  the  same  way  our  earth  has  eighty 
times  more  atoms  in  it  than  our  moon,  and  so  it  keeps  the 
moon  moving  round  it. 
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In  this  way  the  force  of  gravity  keeps  all  the  different 
planets  in  their  paths  or  orbits.  It  does  not  set  them 
moving  ;  some  other  force  unknown  to  us  first  started  them 
laossthe  sky — gravitation  is  only  the  force  which  determines 
ihe  iinaitm  in  which  they  move, 

ll  was  a  grand  thing  to  have  discovered  this  force,  but  it 
"ould  have  been  of  hitle  value  to  Astronomy  to  know  that 
Ihe  heavenly  bodies  attracted  each  other  unless  it  could  also 
be  known  how  much  influence  they  have  upon  each  other. 
This  also  Newton  worked  out  accurately.  You  will  remem- 
ber that  Kepler  had  shown  that  planets  move  in  ellipses, 
biving  (he  sun  in  one  of  the  two  foci  (see  Fig.  lo,  p.  97), 
Knowing  this,  Newton  was  able  to  calculate  how  much  the 
sun  attracts  a  planet  when  it  is  near,  and  how  much  when  it 
is  &r  off,  so  as  to  make  it  move  in  an  ellipse ;  and  he  found 
Hot  exactly  as  much  as  the  square  of  the  distance  increases, 
KtBoiLhtiiKattraclion  decreases; 
ibi  is,the  attraction  grows  less 
and  less  at  a  regular  rate  as 
jDu  go  farther  away  from  the 
i»dy  that  is  pulling. 

For  instance,  suppose  that 
it  the  point  i ,  Fig.  25,3  planet 
*»«  one  million  of  miles  away 
front  the  sun,  and  was  being 
Jttt»cted  with  immense  force. 
^^Iien  it  arrived  at  the  point  F'c.  as- 

j  It  Toold  be  about  twice  as  far,  or  two  millions  of  miles 
'i»Uni ;  and  the  square  of  1  being  4  (3  k  i  =  4),  the  attrac- 
■'ic  sun  at  this  point  will  be  only  one-fourth  as  much 
.a  the  point  i.     At  the  point  7  the  planet  would 

'  It  ihree  times  as  far,  or  three  millions  of  miles  from 
'-^■'^  lun,  and  as  the  square  of  3  is  9  (3  =<  3  =  9),  the  al- 
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traction  here  will  only  be  ^th  of  the  attraction  at  the  point  i. 
And  so  the  calculation  goes  on;  if  the  planet  went  12 
millions  of  miles  off,  the  attraction  would  be  -rJ-j-  what  it 
was  at  first,  and  at  92  millions  of  miles  the  attraction  would 
be  yrrr>  so  that  when  the  planet  is  very  far  away  the 
attraction  becomes  very  slight  indeed,  but  it  will  never 
entirely  cease.  In  scientific  language  this  law  is  expressed 
by  the  words,  The  attraction  varies  inversely  as  the  square  of 
the  distance.  When  once  this  law  was  known,  it  explained 
in  a  most  beautiful  and  complete  way  not  only  the  three 
laws  of  Kepler,  but  all  the  complex  movements  of  the 
heavenly  bodies.  These  Newton  worked  out  approximately 
by  the  help  of  his  *  Method  of  Fluxions,'  which  enabled  him 
to  calculate  all  the  varying  rates  at  which  the  planets  move 
in  consequence  of  their  mutual  attraction ;  and  he  showed 
that  whenever  we  know  clearly  the  position  and  mass  of  all 
the  bodies  attracting  a  planet,  the  law  of  gravitation  accounts 
for  the  direction  in  which  it  moves. 

If  you  will  consider  for  a  moment  what  a  labour  it  must 
be  to  calculate  how  much  the  different  planets  pull  each 
other  at  different  times — when  they  are  near  together  and 
when  they  are  far  off,  when  they  are  near  each  other  and 
near  the  sun,  or  near  each  other  and  far  from  the  sun,  in 
fact  in  all  the  different  positions  you  can  imagine — you  may 
form  some  idea  of  the  tremendous  work  he  did  When  he 
published  his  great  book,  the  *Principia,*  in  1687,  there 
were  not  more  than  eight  people  in  the  world  who  were  able 
to  understand  the  full  meaning  of  his  calculations  and 
reasonings ;  and  though  his  theory  of  gravitation  was  well 
received,  and  his  name  became  one  of  the  most  renowned 
and  honoured  in  the  world,  yet  it  was  more  than  fifty  years 
before  his  work  was  thoroughly  appreciated. 

It  may  therefore  easily  be  imagined  that  it  is  not  possible 
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to  give  a  simple  sketch  of  what  is  contained  in  the  'Principia;' 
but  some  idea  may  perhaps  be  formed  of  the  grandeur  of 
the  law  of  gravitatjon  from  an  enumeration  of  some  of  the 
[irobletns  which  Newton  explained  by  its  action. 

1.  He  esplained  those  laws  of  motion  which  Galileo  had 
proved  by  experiment,  and  showed  that  it  is  the  force  of 
gravity  which  causes  the  weight  of  bodies  ;  and  determines, 
when  combined  with  other  laws,  the  rate  at  which  they  fall, 
Md  the  path  they  describe. 

2.  He  worked  out  the  specific  gravity  of  the  pianets, 
showing,  for  example,  that  the  matter  of  whicli  Saturn  is 
composed  is  about  nine  times  lighter  than  the  matter  of  our 
earth. 

3.  He  showed  how  the  attractions  of  the  sun  and  of  the 
tnoon  cause  the  tides  of  the  sea,  and  worked  out  accurately 
the  reason  of  the  spring  and  neap  tides. 

4.  He  proved  tliat  the  earth  could  not  be  a  perfect  globe, 
and  measured  almost  exactly  how  great  the  bulge  at  the 
e<iuator  and  the  flattening  at  the  poles  must  be.  And  this 
he  did  entirely  by  calculation,  for  no  measurements  had  then 
been  made,  to  lead  any  one  to  doubt  that  the  earth  was  a 
peiiect  globe. 

5.  He  gave  a  complete  explanation  of  the  cause  of  the 
'precession  of  the  equinoxes,'  the  occurrence  of  which,  as 
you  will  remember,  Hipparchus  had  discovered  (see  p.  30), 

6.  He  not  only  showed  why  the  planets  moved  in  ellipses 
while  a  line  joining  the  sun  and  a  planet  cuts  off  equal  areas 
in  equal  times  ;  but  he  also  accounted  for  many  irregularities 
in  these  movements,  arising  from  their  mutual  attractions, 
thus  showing  that  gravitation  explains  not  only  the  general 
laws  but  even  apparent  exceptions. 

7.  Of  all  bodies  comets  are  apparently  the  most  irrcgu- 
Lln.  yet  Newton  calculated  that  they  probably  move  in  a 
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peculiar  curve  called  b,  parabola^  which  is  represented  by  the 
section  of  a  cone  cut  parallel  to  one  of  its  sloping  sides^  and 
since  his  time  it  has  been  proved  that  the  motions  of  some 
comets  can  be  sufficiently  well  explained  by  this  theory, 
while  others  move  in  ordinary  ellipses  like  the  planets,  and 
return  periodically.  These  and  many  other  problems  of  the 
universe  Newton  showed  could  all  be  referred  to  the  action 
of  gravitation ;  and  he  concluded  his  work  with  a  grand 
description  of  the  mechanism  of  the  heavens,  dwelling  with 
deep  reverence  upon  the  thought  of  that  Infinite  Mind 
which  gave  rise  to  such  a  wonderful  and  complex  machinery, 
working  in  perfect  order. 


Chief  Works  consulted, — Brewster's  *  Life  of  Newton  ;*  *  Lives  of 
Eminent  Persons ' —  Lib.  of  Useful  Knowledge  ;  Airy^s  *  Elementaiy 
Astronomy;'  Airy,  *  On  Gravitation.* 
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CHAPTER  XIX. 

SCIENCE  OF  THE  SEVENTEENTH   CENTURY   (CONTINUED). 

TaoBii  oT  Mercury  and  Venus — Gassendi  —  Horrocks — Halley — 
Explanation  of  Bailey's  Method. 

Rnt  Transits  ever  observed  of  Mercury  and  Venus, 
1-981-1638. — We  must  now  pause  for  a  moment  before 
passbg  on  to  Newton's  discoveries  in  Optics,  in  order  to 
mention  a  ri-markable  astronomical  suggestion  made  about 
this  time  by  the  astronomer  Halley  (born  1656,  died  1742), 
•bo  was  llie  friend  and  disciple  of  Newton. 

You  cannot  fail  to  have  heard  and  read  something  about 
•he  expeditions  sent  in  December  1S74  to  all  parts  of  the 
•Orld  to  observe  the  Transit  (or  Passage)  of  Venus  across 
Ihe  sun.  The  object  of  these  observations  was  to  measure 
Ae  sun's  distance  from  the  earth  ;  and  Halley  was  the  first 
^propose  this  method  of  measurement,  in  1691,  and  to 
■hoir  how  it  might  be  accomplished. 

It  is  well  known  that  as  the  two  planets  Mercury  and 
•Wus  are  nearer  lo  the  sun  than  our  earth  is,  they  are  con- 
■^Mly  passing  between  us  and  iL  But  usually  they  pass 
''t'lcr  below  or  above  the  sun,  and  it  is  only  rarely  that  they 
''Oss  over  the  bright  disc,  so  as  to  be  seen  through  the 
telescope  as  a  round  black  spot  upon  the  sun's  face.  With 
"*ctcury  this  happens  at  intervals  of  from  seven  to  thirteen 
^B  J  but  vrith  Venus  it  is  much  more  rare,  for  though  two 
''Snats  generally  corae  together  with  an  interval  of  only 


eight  years  between  them,  yet  after  this  there  is  a  gap  O 
more  than  a  hundred  years  before  another  transit  occurs. 

After  Kepler  had  finished  the  famous  Rudolphine  Table: 
he  was  able  to  use  them  to  calculate  when  these  transit 
would  lake  place ;  and  he  showed  that  both  Mercury  an* 
Venus  would  cross  the  sun's  disc  on  certain  days  in  thi 
year  1631.  A  French  philosopher  named  Gassendi  tool 
advantage  of  this  prediction,  and  managed  lo  observe  Mer- 
cury passing  across  the  face  of  the  sun  on  November  7,  1 63 1, 
He  was  the  first  who  ever  observed  a  transit.  With  Venui 
he  was  not  so  fortunate,  for  the  transit  of  that  planet  took 
place  when  it  was  night  at  Paris,  and  so  Gassendi  had  no 
chance  of  observing  it 

It  was  not  long,  however,  before  this  too  was  seen.  It 
must  be  remembered  that  two  transits  of  Venus  occur  dose 
tt^ether  with  only  eight  years  between  them.  Now  Keplet 
had  imagined  that  in  1639  Venus  would  pass  a  little  to  the 
south  of  the  sun,  and  so  no  transit  would  take  place:  A 
young  Englishman,  however,  named  Jeremiah  Horrocks, 
only  twenty  years  of  age,  after  going  carefully  over  Kepler's 
tables,  felt  convinced  that  there  would  be  a  transit,  and  he 
even  calculated  within  a  few  minutes  the  time  when  Venus 
would  enter  upon  the  sun's  face.  Full  of  enthusiasm  at  the 
chance  of  seeing  this  grand  sight,  he  wrote  to  a  friend  at  a 
distance,  begging  him  also  to  watch  through  the  telescope  al 
three  o'clock  on  the  afternoon  of  December  4,  1639,  His 
expectations  were  not  disappointed,  for  at  fifteen  minutes 
past  three  on  that  day  the  planet  began  to  creep  over  the 
face  of  the  sun.  For  twenty  minutes  Horrocks  watched  i^ 
and  then  the  sun  set  and  he  could  see  no  more.  He  had 
been  able  to  notice,  however,  that  Venus  was  much  smaller 
in  comparison  with  the  sun  than  had  been  formerly  supposed 
Horrocks  and  his  friend  Crabtree  were  the  only  people  in 
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the  tthole  world  who  saw  this  transit  of  Venus,  t!ie  first  one 
ever  obsencd. 

1691.  Halley  euggests  tbat  the  Sun's  Distance  may 
be  measured  by  the  Transit  of  Venue  in  1761.— l"iiis  was 
ill  ihai  was  known  about  transits  when  Halley  went  to  St. 
Helena  in  1676  to  stud)-  the  stars  of  the  Southern  Hemi- 
spbere.  Here  he  also  observed  a  transit  of  Mercury,  and 
lifter  watching  the  small  black  spot  travelling  across  the  face 
of  the  sun,  and  noting  the  time  it  took  in  going  from  one 
side  lo  the  other,  the  idea  occurred  to  him  that  it  would  be 
IMissible  lo  learn  the  distance  of  the  sun  by  measuring  the 
pJih  of  a  planet  across  its  face.  As  Mercury,  however,  is 
very  (ar  from  us,  and  near  lo  the  sun,  it  would  not  answer 
the  purpose  so  well  as  Venus,  which  is  much  nearer  the 
earth. 

Halley  knew  that  another  tnuisit  of  Venus  would  take 
fiace  in  1761,  and  as  he  could  not  hope  to  live  till  then,  he 
read  a  paper  to  the  Royal  Society  in  1691,  and  another  in 
i;i6,  beseeching  the  astronomers  who  should  live  after  him 
not  lo  let  such  an  opportunity  pass,  and  describing  the  way 
in  which  the  obsen-ations  should  be  made.  It  is  this 
method  which  we  must  now  try  to  understand  as  far  as  it  is 
possible  without  mathematics. 

First  of  all  I  must  mention  two  facts  which  astronomers 
knew  already.  The  proportion  of  the  distances  of  the 
planets  was  ascertained,  as  you  will  remember,  by  Kepler 
(see  p.  98).  Therefore  it  was  known  that  Vtnus  is  (in 
round  numbers)  si  times  as  far  from  the  sun  as  she  is  from 
the  earth.  It  was  also  known  by  the  apparent  size  of  the 
jun  thai  the  sun's  distance  is  about  108  times  his  diameter,  or, 
in  other  words,  if  you  could  measure  the  number  of  miles 
across  the  face  of  the  sun  and  multiply  that  number  by  108, 
I   would    give    you    the    sun's    distance    from    the    earlh. 
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Therefore  the  one  point  to  be  learnt  was,  Hotu  many  miles' 
wide  is  the  fate  of  the  sim  ? 

Now  suppose  you  ])lace  a  globe  or  any  other  object  upon 
the  table  in  the  middle  of  the  room,  as  at  c.  Fig.  26,  and 

a p  c e^     place    yourself    at    the 

"\_^  \  /'  ,-•''         point  A.     The  globe  will 

then  hide  from  you  {or 
eclipse)  the  point  c  on 
the  opposite  wall.  Move 
your  position  to  b,  and 
the  globe  will  then  hide 
the  point  d.  If  the  globe 
is  (as  at  c)  exactly  half- 
way between  you  and  the 
wall,  the  two  points  D 
and  c  will  be  the  same 
distance  apart  as  the  points  A  and  b.  But  if  you  move  the 
globe  to  g,  which  is  three  limes  as  far  from  the  opposite  wall 
as  it  is  from  you,  then  the  points  d  and  c  will  also  be  Ihnt 
times  as  far  apart  as  the  points  a  and  n.  So  that  by  know- 
ing how  much  farther  the  globe  is  from  the  wall  than  it  u 
from  you,  you  can  tell  accurately  the  distance  between  the 
points  hidden  without  measuring  them. 

It  is  exactly  in  this  way  that  Halley  proposed  to  measure 
off  a  certain  number  of  miles  upon  the  face  of  the  sun.  We 
are  able  to  learn  accurately  how  many  miles  distant  any  two 
places  are  upon  our  globe.  Suppose,  therefore,  that  two 
men  go  to  places  7200  miles  apart,  and  each  observes 
Venus  at  a  particular  moment  upon  the  sun's  face.  Jusl  as 
you,  from  two  different  positions,  saw  the  globe  cover  two 
different  points  of  the  wall,  so  these  men  will  see  Venus 
against  different  points  in  the  sun,  as  in  Fig.  27  ;  and  since 
e  distance  between  Venus  and  the  sun  is  aj  times  her 
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dijlance  from  the  earth,  the  two  points  will  be  2^  times 
7109  miles,  that  is  18,000  miles  apart.     Here,  then,  we 


at  r' and  OBC  u  I.   (Pujctoc.J 

la  of  the  uiow. 

ii  ivt  a  ccrlain  number  of  miles  measured  off  on  the  sun's  face. 
I'ui  how  are  we  to  tell  accurately  what  proportion  this 
inierval  between  the  spots  bears  to  the  whole  diameter  of 
the  sun? 

By  Bailey's  method  the  whole  time  that  Venus  takes  in 
crosang  the  sun  is  used  as  the  means  of  measurement 
The  observer  at  each  of  the  two  stations  notes  exactly  the 
titne  when  Venus  begins  to 
aoss  the  face  of  the  sun,  and 
Uie  moment  when  she  passes 
off  ii  again,  and  so  reckons 
euctly  how  long  she  has  taken 
in  Eoalcing  the  whole  transit. 

It  was  already  known,  from 
Ihc  rate  at  which  Venus 
moves,  exactly  how  long  she 
Wuld  take  in  crossing  the 
centie  or  widest  part  of  the 
Ria     We  will  call  this  time  6 

hours,  so  as  to  use  whole  num-  '   

ben.      Now  it  is  clear  that  in       •«»»■  "^  "■  S«n«  i™uiioh«rvBiv. 

,  M  to  occupy  fivi-Md-l-quirtn  hour.. 

oossiag    a  narrower  (art  ot 

the  disc  she  will  take  less  time.     Suppose,  therefore,  that 

one  man  says  she  was  exactly  5  hours  crossing  from  a  to 

E|^Fig,  18,  and  the  other  that  she  was  i\  hours  crossing 
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from  C  to  a  This  will  give  us  the  measurement  neces- 
sary  to   lay   down   the    position   of  the  two  transits  on 

Draw  a  circle  any  size  you  please,  and,  ruling  a  line 

across  the  centre,  divide  it  into  six  parts  (as  in  Fig  28'),  lo 
represent  the  six  hours  which  Venus  would  take  in  crossing 
the  centre ;  each  of  those  parts  will  then  represent  the  dis- 
tance which  she  travels  in  an  hour ;  5^  of  these,  therefore, 
will  be  the  distance  she  travels  in  5^  hours.  Take  this 
length  in  your  compasses,  and  place  it  at  any  part  of  die 
circle  where  it  will  meet  the  edge  at  both  ends,  and  in  that 
position  draw  the  line  c  d.  Then  take  a  second  length  of 
fii-e  parts  only,  and  placing  it  below  the  other,  rule  the  Une 
A  B  parallel  to  c  d.  These  two  lines  express  the  path  of 
Venus,  as  obsen'ed  by  the  two  men,  and  we  already  Lnoir 
that  the  distance  between  them  is  ai  times  7200,  or  t8,ooo 
miles. 

It  is  now  easy  to  compare  this  interval  with  the  sun% 
diameter.  Supgxjse,  for  instance,  that  47  such  spaces  wUl 
cover  the  whole  diameter  of  the  circle,  as  they  would  if  th« 
lines  were  drawn  accurately  in  the  observed  positions,  thcu 
1 8,000  X  47,  or  846,000  miles,  would  be  the  measure  of  the 
sun's  diameter.  Now,  we  saw  {p.  155)  that  the  sun's  dis- 
tance is  108  times  his  diameter;  therefore  846,000  x  108, 
or  91,368,000  mUes  would,  by  these  measurenienta, 
be  the  distance  of  the  sun  irom  the  earth ;  and  this  is  as 
near  as  we  can  arrive  at  the  truth  when  taking  whol* 
numbers. 

You  will  perhaps  ask,  if  the  measurement  of  the  transit 
is  such  a  simple  jfrocess,  why  it  takes  months  to  make  the 
proper  calculations.     But  you  must  remember  that  in  our 

^  It  mmt  be  drnwn  veiy  much  lai^n  to  appranch  (0  luiytliiDg  like 
aecurtiqr.     Tlut  figure  merely  indicatu  the  method 
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description  we  have  neglected  all  the  difficulties  which  really 
occur.  Our  earth  is  not  standing  still  as  we  have  supposed 
ii  lo  be,  It  is  not  only  moving  along  in  its  orbit,  but  it  is 
luming  round  on  its  axis  all  the  time,  and  this  has  lo  be 
very  cirefuUy  considered  in  choosing  stations  for  observing 

Ilhe  transit,  and  allowed  for  in  the  results.  Then,  since  our 
earth  moves  in  an  ellipse,  we  are  not  always  at  the  same 
distuice  from  the  sun  ;  this  also  has  to  be  allowed  for. 
Such  simple  difficulties  as  these  you  can  understand,  but 
there  are  a  great  number  of  others  which  make  the  calcula- 
tions very  complicated  indeed.  Therefore  you  must  not 
imagine  that  you  know  all  about  the  transit  of  Venus  when 
you  have  rcid  this  description  of  Halley's  method.  If  you 
have  some  general  idea  of  the  way  by  which  the  sun's 
distance  is  found  out,  you  will  have  learnt  more  than  many 
|>eople ;  and  you  must  wait  till  you  have  studied  mathe- 
matics before  you  can  expect  to  have  a  thorough  knowledge 
of  the  matter. 

You  will  be  glad  to  hear  that  Halley's  advice  was  not 
neglected.  Several  transit  expeditions  were  sent  out  in  1761, 
ind  again  in  1769,  when  the  celebrated  Captain  Cook  made  a 
TOjrage  to  the  Pacific  Ocean  for  this  purpose ;  and  it  is  to 
correct  these  observations  that  no  less  than  forty-six  expe- 
ditions were  sent  out  in  1874  from  Europe  and  America, 
Halley  made  many  other  valuable  astronomical  observa- 
(ioni  He  was  the  first  astronomer  who  foretold  the  return 
of  a  comet  Before  his  time  it  was  thought  that  they  went 
away  and  never  came  back  again  ;  but  when  the  comet  gf 
16S2  appeared,  Halley  began  to  search  for  former  records 
of  comets  and  found  that  one  had  been  seen  about  every 
seventy-six  years,  reckoning  backwards  from  1682.  There- 
fore he  thought  these  must  all  be  the  same  comet,  and  he 
;  return   in    1758.      It   came   as  predicted,  and 


gjRtold 
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has  ever  since  been  called  *  Halley's  comet'  Halley 
died  in  1742,  and  with  him  ends  the  astronomy  of  the 
seventeenth  century. 


ChUf  Works  consulted, — Proctor's  *  Transits  of  Venus  ; '  HeischeTs 
'  Astronomy  ; '  Denison*s  '  Astronomy  without  Mathematics  ; '  AiT's 
*  Popular  Astronomy.* 
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CHAPTER  XX. 


80ENCE  or  THE   SEVENTEENTH    CENTURY   (CONTIN ITBD). 


Ntwton  on  Dispenion  of  Lighl— Chester  More  Hall  —  Dispersive 
Powei  in  Flint  and  Crown  Glass — Neirton  on  the  Transmission  of 
Sound— Last  years  of  Newton's  life. 

ITevtoa  pubUstaea  Ma  DisooTery  of  the  Dispersion  of 
Light,  1071. — Wc  must  now  return  to  Newton,  and  con- 
sidrr  his  third  great  discovery,  which  was  about  light.  You 
*iil  remember  that  he  had  to  wait  sixteen  years  between  his 
fifM  attempt  to  investigate  the  law  of  gravitation,  and  that 
"e»  measurement  of  the  earth  which  enabled  him  to  prove 
the  truth  of  his  theory.  During  this  time  he  had  by  no 
•nians  been  idie.  He  once  said  that  the  reason  he  had 
succeeded  in  making  discoveries  was  that  he  gave  all  his 
*tcntion  lo  one  subject  at  a  time;  from  1666  to  1671, 
"'''CO  Kis  papers  on  gravitation  were  quite  laid  aside,  the 
subject  to  which  he  devoted  himself  was  Light. 

In  the  early  part  of  the  seventeenth  century  several 
Pwple  had  tried  to  find  out  what  it  was  that  gave  rise  to 
'''ffereni  colours.  An  Italian  Archbishop  named  Antonio 
^  Doniinis  (died  1635)  had  given  a  better  explanation  of 
"■«  rainbow  than  Roger  Bacon  had  given  before  him  ;  and 
f^escanes  had  gone  farther,  and  had  pointed  out  that  a  ray 
°f  light  seen  through  a  clear,  polished  piece  of  glass,  cut  into 
POAape  of  a  prism  (see  Fig.  ag),  is  spread  out  into  colours 
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exactly like  the  rainbow ;  but  no  one  had  yet  been  able  to 
say  what  was  the  cause  of  these  different  tints.     Newtor* 
was  the  first  to  work  this  out  in  hi:s 
usual  accurate  and  painstaking  way. 
He  tells  us  that  in  1666  he  'pro- 
Fic.  59,  cured  a  triangular  glass  prism,  to  try 

GL(B  Pn.ni.  therewith  the  celebrated  phenomena  of 

colours,'  and  in  the  very  first  experiment  he  was  struck  by  a 
very  curious  fact.      He  had  made  a  round  hole  F  (Fig.  30), 


about  one-third  of  an  inch  broad,  in  the  window-shutter,  D  I, 
of  a  dark  room,  and  placed  close  to  it  a  glass  prism,  A  B  c,  SO' 
as  to  refract  the  sun-light  upwards  towards  the  opposite  waU. 
of  the  room,  m  n,  making  the  line  of  colours  (red,  orange, 
yellow,  green,  blue,  indigo,  and  violet),  which  Descartes  had, 
pointed  out,  and  which  Newton  called  a  spectrum,  tto/m 
spfiio,  I  behold 

While  he  was  watching  and  admiring  the  beautifldi 
colours,  the  thought  struck  him  that  it  was  curious  th^ 
spectrum  should  be  long  instead  of  round  The  rays  oC 
light  come  from  the  sun,  which  is  round,  therefore  if  th^ 
were  all  bent  or  refracted  equally,  there  ought  to  be  it, 
round  spot  ufton  the  wall  ;  instead  of  which  it  was  long 
with  rounded  ends,  Uke  a  sun  drawn  out  lengthways.     Wh^ 
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i-mXi  be  ihe  reason  of  the  rays  falling  into  this  long  shape  ? 
Al  lini  he  thougiit  that  it  might  be  because  some  of  them 
pwsed  through  a  thinner  part  of  the  prism,  and  so  were  less 
refracted;  but  when  he  tested  this  by  sending  one  ray  through 
I  Ihin  part  o(  the  prism,  and  another  through  a  thick  part, 
he  found  thai  they  were  both  equally  spread  out  into  a 
spKlrum.  Then  he  thought  that  there  might  be  some  flaw 
in  the  glass,  and  he  took  another  prism  ;  still,  however,  the 
spectram  remained  long,  as  before.  Next  he  considered 
whether  the  different  angles  at  which  the  rays  of  the  sun  fell 
ii|wn  ihe  prism  had  an>lhing  to  do  with  it,  but  after  caJcu- 
laiing  this  mathematically  he  found  the  difference  was  too 
=raall  to  have  any  eflecL  Finally,  he  tried  whether  it  was 
iwssible  that  the  rays  had  been  bent  into  curves  in  passing 
ihrough  the  prism,  but  he  found  by  measurement  that  this 
3gain  iras  not  the  reason. 

At  last,  after  carefully  proving  that  none  of  these  expla- 
n-ilions  was  the  true  one,  he  began  to  suspect  that  it  must 
l>c  something  peculiar  in  the  different  coloured  rays  them- 
iclves  which  caused  them  to  divide  one  from  the  other, 
loprove  this  he  made  the  following  experiment; — He  made 
s  hole  F,  in  the  shutter,  as  before,  and  passed  the  light 
thmiigh  the  prism,  a  b  c,  throwing  the  spectrum  upon  a 
■(Tci'ti,  M  N.  He  then  pierced  a  liny  hole  through  the  screen 
■'  Ihe  point  g.  Fig.  31;  the  hole  in  this  board  was  so  small 
''I'lt  the  rays  of  only  one  colour  could  pass  through  at  a 
""It.  Newton  first  let  a  red  roy  pass  through,  so  that  it  was 
''<^nt  by  the  prism,  H  i  k,  on  the  other  side  of  the  screen, 
witl  made  a  shaded  red  spot  on  the  wall,  o  p,  at  r  ;  here  he 
j"Ji  a  mark.  He  now  moved  the  first  prism,  a  b  c,  a  little, 
■'  M  to  let  the  second,  or  orange  ray  pass  through  the  hole 

This  ray/rtf  upon  exactly  the  fame  spot  of  the  second 
pf'sm,  u  I  K,  as  the  red  ray  had  done,  but  it  did  not  go  to 
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the  same  spot  on  the  wall ;  it  was  more  bent  in  passing 
through  the  prism,  and  made  an  orange  spot  at  o,  above  tie 
point  R.  By  this  Newton  knew  that  an  orange  ray  is  nxxe 
refracted  in  passing  through  a  prism  than  a  ted  ray  is.  He 
moved  his  prism,  a  b  c,  again,  so  as  to  let  the  yellow  laj 


r,  Small  hul;  lhr'>ugli  » 


of  Ray)  of  DLfleranl  Coknin. 
vnvm-    h  H.  Scnren  receiving  ihi 
rayl  of  ddL^  ddc  cdIqut  can  ptv 


through.  This  was  still  more  bent,  and  fell  above  o  on  the 
point  V,  In  this  way  he  let  all  the  different  coloured  ra)-s 
pass  through  the  hole,  marking  the  points  on  which  they 
fell,  and  he  found  that  each  ray  was  more  bent  than  the  last 
one,  till  he  had  marked  out  a  second  complete  spectrum  on 
the  wall.  Only  the  two  extreme  rays,  red  and  violet,  are 
traced  out  in  Fig.  31,  to  avoid  confusion. 

This  experiment  proved  clearly,  i  st,  that  light  is  made  vf 
of  differently  coloured  rays ;  and  zd,  that  these  rays  ar; 
differently  rrfractcd  in  passing  through  a  prism.  The  red  rays 
are  least  lient,  and  the  violet  ones  most,  while  each  of  the 
other  rays  between  these  have  their  own  course  through  the 
prism.  I  must  warn  you,  however,  not  to  think  that  there 
are  exactly  seven  colours :  t!iere  are  really  an  infinite  number, 
passing  gradually  into  each  other;  Newton  only  divided  them 
roughly  into  seven  for  convenience. 
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This  spreading  out  of  the  different  coloured  rays  is  called 
the  iis[iersion  of  light.  I  wish  I  coulci  give  you  the  many 
beauiiful  experiraenis  which  Newton  made  to  prove  it,  but 
wi:  have  only  room  for  one,  which  you  can  easily  try  for 
yourself,  by  which  the  different  colours  which  make  up 
ihe  spectrum  can  be  turned  back  again  into  white  light. 
\ouiili  see  at  once  that  if  it  is  true  that  white  light  can 
i<:  divided  up  into  colours,  those  same  colours  when  re- 
uniieJ  must  make  white.  To  show  this  Newton  took  a 
wtind  card  and  painted  upon  it  the  seven  colours,  as  pure  as 
possible,  five  times  over,  like  a  spectrum  five  times  repeated 
1*1  %■  31).  and  then  spun  it  round  rapidly,  so  that  the  ^e 
received  the  impression  of  all  the  seven  colours  at  once 


(»,  Fi^  1%).  If  you  do  this  you  will  see  the  card  looks  a 
^1  white,  because  the  colours  blend  together  just  as  they 
"lo  in  a  ray  of  light  You  will  not  get  a  pure  while,  because 
'lie  aitificial  colours  are  not  pure,  and  also  because  it  is 
''ifficult  to  paint  each  colour  in  the  proper  proportioa 

But  now  that  we  have  proved  tiiat  light  is  broken  up 
■Uto  colours  in  passing  through  a  denser  medium,  you  may 

I  perhaps  ask  how  it  is  thai  we  do  not  see  coloured  ra>-s  when- 
ter  we  look  at  the  sun  through  gLoss  or  any  other  trans- 


* 
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parent  substance.  The  reason  is  that  when  the  two  sides  of 
the  glass  are  parallel  (that  is,  lie  always  at  the  same  distance 
from  each  other),  the  ray  of  light  is  bent  just  as  much  in 
going  out  from  the  glass  into  the  air  as  it  was  when  it  came 
in  from  the  air  into  the  glass,  and  so  it  remains  just  as  it  was 
at  first.  When  the  two  sides  are  not  parallel,  as  in  a  rounded 
lens,  colours  do  appear  in  the  thin  edges  of  the  glass,  and 
these  used  to  be  very  troublesome  in  telescopes  and  micro- 
scopes. Newton  thought  that  they  could  never  be  got  rid 
of,  for  he  did  not  know  that  light  is  spread  out  or  dispersed 
more  in  one  kind  of  glass  than  in  another.  But  two  j^ears 
after  his  death,  in  1729,  Mr.  Chester  More  Hall,  of  Essex, 
found  that  two  kinds  of  glass  (flint-glass  and  crown-glass) 
disperse  light  differently,  so  that  when  you  put  them  together 
they  correct  each  other,  and  the  coloured  rays  at  the  edges 
are  blended  into  white  light.  Telescopes  and  microscopes 
which  are  made  in  this  way  are  called  achromatic  (from  tf, 
without ;  chroma,  colour).  A  patent  for  such  instruments  was 
taken  out  by  a  Mr.  Dollond  in  1757,  and  he  probably  in- 
vented them  without  having  heard  of  Mr.  Hall's  discovery. 

It  would  require  a  whole  volume  to  give  all  Newton's 
investigations  into  the  nature  of  light,  and  his  experiments 
on  the  coloured  rings  of  the  soap-bubble  and  other  trans- 
parent substances.  His  work  on  Optics  was  read  before  the 
Royal  Society  in  167 1  and  1672,  but  the  ideas  were  so  new 
that  many  clever  men,  who  should  have  known  better, 
attacked  him  with  a  number  of  foolish  and  ignorant  ob- 
jections, till  at  last  he  told  his  friend  Huyghens  that  he  was 
almost  sorry  he  had  ever  made  them  public. 

Newton  explains  how  Sound  is  transmitted  through 
the  Air. — There  is  yet  another  branch  of  physics,  in  which 
we  owe  much  to  Newton,  namely,  the  study  of  sound. 
Pythagoras,  Galileo,  and  Bacon  had  all  taught  that  sound  is 
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1  vibration  of  the  air  which  we  fee!  when  it  acts  upon  the 
dnim  of  our  ear ;  but  none  of  these  men  had  shown  what 
kiod  of  vibration  this  is.  Newton  was  the  first  to  suggest 
thai  it  is  caused  by  the  particles  of  air  moving  backwards 
vA  forwards  in  the  direction  in  which  the  sound  travels  ; 
flie  fiist  particle  being  set  in  motion  by  some  impulse  given 
to  it,  and  thus  striking  the  second  ;  the  second  striking  the 
third;  and  so  on  until  the  particle  nearest  the  drum  of  our 
car  hits  it,  causing  it  also  to  oscillate  backwards  and  for- 
wards, and  producing  in  us  the  sensation  of  sound. 

Many  persons  find  it  difficult  to  understand  how  waves 
of  sound  can  travel  for  long  distances,  while  the  air-particles 
•Onning  the  waves  only  move  to  and  fro  within  very  small 
*psces.     One  of  the  best  ways  to  realise  how  this  can  be 
^  to  «atch  a  railway  train  which  has  been  bumped  by  a 
'"ggage  van  being  joined  on  to  iL     The  first  push  to  the 
"itionary  train  will  have  been  given  by  the  van,  which 
I'tntping  against  the  first  carriage,  will  cause  it  to  bump 
linsi  the  second  ;  this  in  its  turn  will  bump  against  the 
and  the  movement  will  thus  pass  on  to  the  end  of 
'ne  line,  so  that  if  you  were  standing  there  the  last  carriage 
*ouId   knock  you  down.     Yet  each  carriage  will  at  the 
^Oost  have  only  stirred  a  foot  or  two  from  its  place,  and  in 
'Se  end  they  may  al!  settle  down  nearly  in  their  original 
positions.     If  you  are  standing  by  the  side  of  the  train 
*hich  is  being  shunted,  and  watch  it  carefully,  the  reason 
Of  this  will  be  clear.     You  will  see  that  though  the  first  car- 
riage drives  on  the  second,  and  the  second  the  third,  yet 
before  many  carriages  have  been  so  driven,  the  first  carriage 
will  have  rebounded,  and  be  moving  away  fi-om  the  second, 
which,  in  its  turn,  will  move  away  from  the  third ;  so  that 
while  the  fourth,  fifth,  and  sixth  carriages  are  sending  on 
'the  bump  and  are  huddled  together,  i,  1,  and  3  are  moving 
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backwards  and  apart ;  an  instant  later,  4,  5,  and  6  will  be 
drawing  apart,  in  their  turn,  while  7,  8,  and  9  will  be  close 
together,  and  so  on  to  the  end  of  the  train.  In  this  way  a 
movement  will  pass  along  the  whole  line,  every  three  or 
more  carriages  being  huddled  together,  while  the  set  beliind< 
them  are  separating,  and  this  oscillation  will  go  on  until 
the  train  comes  to  rest.  A  movement  exactly  similar  to 
this  takes  place  in  a  wave  of  sound.  The  particles  of  air  set 
in  motion  at  one  end  are  pushed  fonvard,  strike,  and  reboi 
just  as  the  carriages  do,  and  thus  the  movement  is 
along  the  whole  mass  of  air,  while  the  particles  themseli 
are  oscillating  backwards  and  forn-ards  within  very 
limits.  This  movement,  if  visible,  would  have  the  a] 
ance  of  Fig.  33  :  a  condensation  or  crowding  of  the 
a,  and  a  rarrfaction  or  separation  of  the  parlick's  /',  i. 
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obsiatfe  by  which  the  movement  is  driven  back,  and  then 
ihe  sound  is  reflected.  Newton  not  only  pointed  out  htm' 
sound  travels,  he  also  attempted  to  ascertain  at  what  rate 
it  travels,  and  he  showed  that  the  more  elastic  and  less 
dense  air  is,  the  more  rapidly  it  will  convey  sound.  A  very 
elastic  substance,  in  ihe  proper  sense  of  the  word,  is  one 
which  will  spring  back  to  its  original  shape  whenever  it  is 
set  &ee,  just  as  a  steel  spring  does.  Now  in  the  case  of 
ilie  train,  if  it  happen  to  be  composed  of  a  set  of  heavy 
inicks  with  no  springs  between  them,  they  will  move  slug- 
Kishly,  and  the  waves  of  compression  and  rarefaction  will 
^i  place  but  slowly.  But  if  the  train  be  composed  of 
light  carriages  with  springs  at  the  end  of  the  buffers,  then 
each  carriage  will  rebound  much  more  quickly,  both  be- 
ciusc  it  is  lighter,  and  because  the  elasticity  of  the  springs 
"ill  help  the  rebound.  Now  when  air  is  heated,  if  it  can- 
101  wpand  it  becomes  more  elastic,  and  if  it  can  expand 
"  l)ecomes  lighter  than  when  it  is  colder,  and  therefore  in 
tither  case  sound  will  travel  more  quickly  along  wann  air 
■iiin  along  cold. 

\ewion  tried  to  calculate  the  rate  at  which  sound  travels, 
I'll!  he  did  not  know  that  the  mere  fact  of  the  sound- 
wave passing  along  makes  the  air  hotter  and  therefore  more 
elastic,  so  his  results  were  not  strictly  accurate.  We  know 
"0"  that  in  air  which  has  a  temperature  of  32°  Fahr., 
sound  travels  at  the  rale  of  1090  feet  per  second,  while  in 
^ir  of  the  ordinary  temperature  of  5  a"  Fahr,  it  travels  at  the 
™e  of  1 1 1  a  feet  per  second. 

Newton's  account  of  his  experiments  on  sound  are 
'"  1«  found  in  the  second  Book  of  his  '  Ptincipia.'  After ' 
'1^  great  work  was  published,  in  1687,  he  next  turned 
'^  attention  lo  chemistry,  but  unfortunately  all  the  re- 
sjlts  of  his  labour  in  this  science  were  destroyed   by  an 
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accident.  One  day  when  he  was  in  chapel  his  pet  dpg 
Diamond  turned  over  a  lighted  taper,  which  set  fire  to  all 
the  papers  on  which  his  work  was  written.  When  he  re- 
turned and  found  the  charred  heap  it  is  said  that  he  merely 
exclaimed,  'O  Diamond,  Diamond!  thou  little  thinkest 
the  mischief  thou  hast  done ! '  but  his  grief  at  the  loss  of 
his  work  affected  his  brain,  and  though  he  recovered  and 
lived  another  forty  years,  publishing  many  editions  of  his 
works,  yet  he  never  made  any  more  great  discoveries. 

Newton  received  many  honours  in  his  old  age :  in  1699 
he  was  appointed  Master  of  the  Mint,  and  a  member  of  the 
French  Royal  Academy  of  Sciences  ;  in  1703  he  was  made 
President  of  the  Royal  Society,  and  in  1705  he  was  knighted 
by  Queen  Anne.     Like  all  truly  great  men,  he  was  modest 
as  to  his  own  abilities,  and  always  willing  to  be  taught  by 
others.     He   felt  so  strongly  how  much  we  have  still  to 
learn  about  the  Universe,  that  he  considered  his  own  dis- 
coveries as  very  trifling  indeed     A  short  time  before  his 
death  he  said  of  himself,  *  I  know  not  what  the  world  may 
think  of  my  labours  ;  but  to  myself  I  seem  to  have  been  only 
like  a  boy  playing  on  the  sea-shore,  and  diverting  myself  in 
now  and  then  finding  a  smoother  pebble  or  a  prettier  shell 
than  ordinary,  whilst  the  great  ocean  of  truth  lay  all  un- 
discovered before  me.'     Yet  this  man  who  spoke  so  humbly 
was  the  discoverer  of  the  greatest  and  most  universal  law 
known  to  mankind !     He  loved  to  seek  out  new  laws,  but  he 
was  more  anxious  to  collect  facts  and  to  make  sure  that  he 
was  right,  than  eager  to  publish  his  conclusions.      It  was  the 
truth  he  loved,  and  not  the  fame  which  it  brought.     His 
patience  and  perseverance  were  unbounded ;  he  was  never 
in  a  hurry,  but  turned  a  subject  over  and  over  in  his  mind 
for  years  together,  seizing  upon  every  new  light  shed  upon 
it,  and  waiting  patiently  for  more.     And  through  all  his 
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labours  he  looked  reverently  up  to  the  One  Great  Light 
whose  guiding  power  he  loved  to  trace  and  to  acknowledge 
in  all  the  wonders  of  the  universe.  He  died  in  1727  at 
eighty-five  years  of  age,  and  was  buried  in  Westminster 
Abbey,  his  pall  being  borne  by  the  first  nobles  of  the  land. 


Chief    Works    consulted, — Newton's    *  Optics/    1721  ;     Ganot's 

*  Physics;*     Rossiter's  '  Physics;'     Brewster's    'Encyclopaedia,*  art. 

*  Optics;'    Herschel's    'Familiar    Lectures;*    Newton's    *Principia,' 
Book  u. ;  Brewster's  *  Life  of  Newton.* 
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CHAPTER  XXI. 

SCIENCE  OF  THE  SEVENTEENTH  CENTURY  (CONTINUED). 

Roemer — Velocity  of  Light — Huyghens — Cycloidal  Pendulum — Cor- 
puscular and  Undulatory  Theories  of  Light — Refraction — Double 
Refraction. 

Olaus  Boemer  meaaures  the  Velocity  of  Iiight,  1676. 

— While  Newton  was  dispersing  light  in  prisms,  and  finding 
out  its  nature,  Olaus  Roemer,  a  famous  Danish  astronomer 
(bom  1644,  died  17 10),  was  engaged  in  something  almost 
as  wonderful.  He  was  measuring  the  rate  at  which  light 
travels  across  the  sky  !  It  seems  at  first  as  if  this  would 
be  impossible,  but  we  now  know  three  different  ways  of 
accomplishing  it ;  Roemer's  w^as  the  first  attempt  ever  made, 
and  his  measurement  was  very  near  indeed  to  the  truth. 

You  will  remember  that  Jupiter  has  four  moons,  which 
move  round  it  as  our  moon  moves  round  our  earth.  Three 
of  these  moons  are  so  near  to  Jupiter,  and  move  round  it  in 
such  a  manner,  that  they  pass  through  its  shadow  and  are 
eclipsed  every  time  they  go  round  Now  it  became  very 
useful,  for  certain  astronomical  reasons,  to  know  exactly  when 
these  eclipses  happened,  and  the  time  of  their .  occurrence 
was  therefore  calculated  very  carefully  ever  since  Galileo 
first  discovered  them.  There  was  no  difficulty  in  doing  this, 
and  yet,  strange  to  say,  the  eclipses  rarely  happened  exactly 
at  the  right  moment.     Sometimes  they  were  too  early,  some- 
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El  too  late  ;  and  they  varied,  according  to  some  regular 
s^  as  much  as  16  minutes  36  seconds  on  each  side  of  the 
exa^C  moment  when  they  ought  to  have  happened. 

At  last  it  occurred  to  Roenier,  and  to  an  Italian  astrono- 
tner  named  Cassini,  that,  as  Jupher  is  farther  away  from  the 
earth  at  one  time  than  another,  the  ecUpses  might  be  seen 
some  minutes  later  whenever  the  rays  of  light  from  the 
Dtioons  had  to  cross  a  greater  distance  to  reach  the  earth. 
Cassini  seems  to  have  put  the  thought  aade  and  not  to  have 
worked  it  out ;  but  Roemer  seized  upon  it,  and  by  careful 
calculations  proved  that  it  was  the  true  answer  to  the  diffi- 
culty.    If  the  earth  was  at  e  (Fig.  34)  for  example,  when 


f 

^^r  Diflcrtnc  DifUneei  at  which  Jupiler  i  Light  mchct  thr  F.arth. 

^^*  J.  JolHtEr.    E  ■'.  ThE  EBTlh. 

Jlpiler  was  at  J,  the  light  would  not  have  nearly  so  far  to 
'•'ivel  as  if  the  eanh  was  at  e';  and  in  this  last  position  the 
'6  minutes  36  seconds  would  be  taken  up  by  the  light 
*^fossing  the  earth "s  orbit  from  k  to  e'.  This  distance  was 
•"lown  to  tw  about  1  go, 000,000  miies,  so  that  light  travels  at 
'W  rate  of  190,000.000  miles  in  996  seconds,  or  about 
'90.000  miles  in  a  second.  This  is  nine  million  times  as 
''■■t  as  ilic  quickest  express  train. 

Boyghena  and  Newton— Theories  of  Light. — The 
"rae  had  now  come  when  so  much  was  known  about  the  way 
'"  "hich  light  behaves,  that  philosophers  began  to  ask  them- 
»'*cs,  'What  is  Light?' — a  question  by  no  means  so  easily 
'nswcred  as  you  may  think  ;  for  though  it  is  by  means  of 
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light  that  we  see  everything,  yet  light  in  itself  is  invisible 
You  will  exclaim  at  once  that  you  can  see  a  sunbeam 
shining  through  a  crack  in  a  window-shutter.  But  what  yoa 
see  is  not  light  itself,  it  is  the  particles  of  dust  or  smoke 
which  reflect  the  light  so  that  they  shine.  There  is  one 
very  simple  way  of  proving  to  yourself  that  rays  of  light  arc 
not  visible  lines.  When  the  moon  is  shining  you  know  that 
it  is  reflecting  the  light  of  the  sun,  therefore  there  must  be 
light  crossing  the  sky  and  falling  upon  the  sur&ce  of  the 
mooa  But  now  look  up  some  other  night  when  the  moon 
is  not  there.  Ail  is  darkness ;  yet  the  light  must  be  there 
just  the  same,  and  would  have  caused  the  moon  to  shine 
if  it  had  been  there  also,  but  as  there  is  nothing  to  reflect 
it  to  your  eye  it  is  invisible. 

What,  then,  is  this  light,  invisible  in  itself,  yet  without 
which  we  can  see  nothing  ?  Ne>\ton  thought  that  it  was 
composed  of  minute  invisible  particles  of  matter  which  darted 
out  in  straight  lines  from  luminous  or  light-giving  bodies, 
and  falling  upon  our  eyes  caused  the  sensation  which  we 
call  light.  This  is  called  the  Corpuscular^  or  sometimes  the 
Emission^  Theory  of  Light,  It  was  very  ingenious,  and 
accounted  for  a  great  many  of  the  facts,  but  there  were 
many  others  which  it  did  not  explain ;  and  I  will  not 
attempt  to  describe  it  to  you,  because  another  theory,  called 
the  Undulaiory  (or  wave)  Theory  of  Light,  has  now  been 
found  to  be  much  more  complete  and  satisfactory.  This 
last  theory  was  proposed  by  a  Dutch  mathematician  arid 
astronomer  named  Christian  Huyghens,  the  son  of  Constan- 
tine  Huyghens,  Counsellor  to  the  Prince  of  Orange. 

Christian  Huyghens  was  bom  at  the  Hague,  in  Holland, 
in  the  year  1629  ;  when  he  was  only  thirteen  years  old  he 
was  already  passionately  fond  of  mathematics,  and  ex- 
amined every  piece  of  machinery  that  fell  in  his  way.     He 
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;i:-<  eived  a  very  good  education,  and  wrote  some  able  treatises 
ij|(OQ  geometry  when  he  was  only  two-and-twenty.  From 
this  lime  he  advanced  very  rapidly,  both  writing  valuable 
papers  and  making  grand  discoveries.  In  1658  he  invented 
1  peculiar  kind  of  pendulum  called  the  cycloidal  pendulum, 
whkh  would  keep  accurate  time  when  swinging  over  wide 
spaces;  and  he  was  also  the  first  to  apply  pendulums  to 
clocks.  In  1659  he  made  a  telescope  ten  feet  long,  with 
•hii:h  he  discovered  one  of  Saturn's  satellites,  and  described 
accurately  Saturn's  ring,  which  Galileo  had  mistaken  for  two 
sUr.  In  1660  he  came  to  England  and  solved  some 
questions  which  the  Royal  Society  had  proposed  about 
the  laws  of  molioa  Then  he  was  invited  to  settle  in  France, 
inditwas  there,  in  1678,  that  he  read  before  the  '  Acadiimie 
des  Sciences'  the  theory  of  light  which  we  must  now  try  to 
mdeistand. 

Dndolatory  Theory  of  Idght,  1678. — We  have  seen 
that  it  had  been  known  ever  since  the  time  of  the  Greeks, 
that  jBunJ  is  caused  by  a  trembling  or  vibration  of  the  air, 
so  tiiai  when  you  strike  the  wire  of  a  harp,  the  trembling  of 
the  string  shakes  the  air,  and  the  quivering  motion  travels 
»long  until  some  wave  strikes  the  drum  of  your  ear  and  pro- 
duces the  sensation  we  call  sound. 

Now  Huyghens  said,  '  We  can  only  explain  light  by  sup- 
ptKing  it  to  be  a  vibration  like  sound.'  But  here  at  the 
'try  outset  came  a  difficulty.  We  know  that  light  is  not  a 
viraiion  of  the  air,  for  if  you  draw  the  air  completely  out  of 
1  glass  vessel,  light  will  still  pass  across  it ;  and  besides,  we 
pl  light  from  the  sun  and  the  distant  stars,  so  that  it  has  to 
tome  across  a  great  airless  space  before  it  reaches  the  al- 
■Wfiphere  of  our  earth.  And  yet,  if  light  is  a  vibration,  it  is 
>-'«ii  there  must  be  something  between  the  sun  and  us  to 
militate.     To  meet  this  difficulty  Huyghens  supposed  the 
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whole  of  space  between  our  earth  and  the  most  distant  stars  to 
be  filled  with  an  elastic  invisible  substance  which  he  caUd 
^  ether.*  He  assumed  this  substance  to  be  so  fine  and 
subtle  that  it  passes  between  the  atoms,  even  of  solid 
objects,  and  that  the  sun  and  all  luminous  bodies  cause  it 
to  vibrate  so  that  its  undulations  or  waves  strike  upon  our 
eyes  and  give  rise  to  the  sensation  we  call  light 

Thus,  according  to  this  theory,  when  you  look  at  the 
sun,  the  invisible  *  ether'  filling  the  whole  space  between 
you  and  it,  is  moving  up  and  down  in  rapid  vibrations,  just 
as  if  the  sun  held  one  end  of  a  cloth  and  you  the  other,  and 
the  sun  was  shaking  the  cloth  so  that  the  waves  travelled 
along  it  to  your  eye ;  and  every  wave  that  hit  you  wouM 
cause  the  sensation  called  light 

This  theory  explains  very  well  how  light-waves  may  be 
in  the  sky  and  yet  we  may  not  see  them ;  for  if  a  stick 
is  moving  rapidly  to  and  fro  in  the  air,  and  you  go  within 
reach  of  it  you  feel  pain,  but  if  you  keep  out  of  reach  no 
pain  is  produced.  In  the  same  way,  when  the  vibration  of 
this  invisible  ether  strikes  your  eye  you  feel  light,  but 
though  the  waves  may  be  travelling  rapidly  across  the  sky, 
so  long  as  they  do  not  fall  upon  your  eye,  no  light  will  be 
produced  to  you. 

But  suppose  you  were  not  looking  at  the  sun,  but  at  the 
ground,  why  should  you  slill  see  ?  Because  the  waves  from 
the  sun  which  strike  the  ground  cannot  travel  on  so  easily 
through  the  solid  earth  as  through  the  pure  ether,  so  a  great 
number  of  them  bound  off  and  vibrate  back  along  the  ether 
again,  from  the  ground  to  your  eye ;  and  as  they  vibrate  dif- 
ferently according  as  the  ground  is  rough  or  smooth,  hard  or 
soft,  wet  or  dry,  they  make  a  different  impression  upon  your 
eye,  and  cause  you  to  see  a  picture  of  the  ground  as  it  is. 

Clear  white  glass  and  other  perfectly  transparent  bodies 
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"f  nearly  all  the  waves  of  light  to  pass  through  them  and 
d  hardly  any  back  to  your  eye ;  and  people  have  in  con- 
uence  been  known  to  walk  right  up  against  gloss  door.. 
Bwthoat  seeing  ihena.  Bright  polished  surfaces,  on  the  con- 
Imy,  like  steel  and  mercury,  turn  nearly  all  the  waves  back 
agiiin,  and  this  is  why  we  see  our  own  faces  reflected  so  clearly 
in  a  looking-glass,  where  it  is  the  mercury  at  the  back  which 
I!  the  real  minor. 

If  we  had  room  we  might  follow  out  these  light- vibrations 
in  a  verj'  interesting  manner.      For  instance,  why  does  a 
leif  look  green  and  a  soldier's  coat  red  ?     Because,  as  in 
sound  the  kind  of  note  you  hear  depends  upon  the  quick- 
ness of  the  vibrations  of  the  air,  so  in  light  it  depends  upon  | 
ihe  ijuickness  of  the  vibrations  of  the  ether  what  colour  you  ' 
we.    The  vibrations  which   produce  violet,  indigo,  blue, 
green,  yellow,  orange,  and  red,  have  travelled  all  together  as 
'liile  light  through  the  ether,  but  they  are  dilTerently  treated 
fly  the  leaf.     All  except  the  green  waves  are  quenched,  or               | 
tl'sorbfd  as  it  is  called,  by  the  material  of  the  leaf,  and  only                I 
■hegieen  waves  bound  back  upon  your  eye.      In  other  words,                1 
'iie  vibrations  of  the  ether  coming  from  the  leaf  move  ex-                | 
Ktly  fcst  enough  to  produce  upon  your  eye  the  sensation 
you  call  green,  just  as  the  vibration  of  the  air  caused  by  a                I 
[loiticular  string  of  a  harp  produces  on  your  ear  the  sensa- 
lion  of  the  note  you  call  the  middle  C. 

Befraotion  of  Light  explained  by  Huygheiis. — But 
*Cinusi  now  go  back  to  Huyghens,  and  point  out  how  beautl- 
'■'Dy  he  explained  by  his  imdulalory  theory  the  refraction  or 
wnding-back  of  rays  of  which  we  have  already  spoken  so 
'^luch.  When  a  wave  of  light  is  travelling  onwards,  he  said, 
■'  il  passes  vertically  into  glass  or  any  denser  substance,  the 
"Jve  will  move  more  slowly,  but  it  will  still  go  straight  on, 
tcause  both  ends  of  the  wave  will  be  equally  checked. 
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But  if  the  wave  goes  into  the  glass  obliquely  (see  p.  47),  or 
into  a  glass  with  a  rounded  edge,  one  end  of  it  wilt  reach  the 
glass  first  before  the  other,  and  will  move  slowly,  while  ihe 
Other  end  goes  on  unchecked,  and  so  the  wave  will  swing 
round  and  will  have  its  direction  altered.  In  the  same  way, 
when  it  passes  out  again  from  the  glass,  one  end  will  pass 
out  first,  and  will  move  more  easily  in  the  air  than  the  end' 
that  is  still  in  the  glass,  and  so  it  will  swing  round  again 
and  make  another  bend. 

This  is  somewhat  difficult  to  understand  at  first  sigh^ 
and  it  will  be  best  explained  by  a  very  ingenious  experiment 
proposed  by  Mr,  R  B.  Tylor.'    Take  two  small  wheels  about 


2  inches  round,  and  mount  them  loosely  upon  a  stout  iron 
axle  measuring  about  half-an-inch  round.  This  will  make  » 
runner  like  two  wlieels  of  a  cart,  and  if  you  let  it  roll  AotxTO 
a  smooth  board  it  will  represent  very  fairly  the  crests  or  tops 
of  the  waves  of  tight  in  the  ether.  Let  your  board  be  about 
2\  feet  long,  and  at  one  end  of  it  glue  on  pieces  of  thick- 
piled  velvet  of  the  shape  of  lenses  (see  i,  2,  3,  Fig.  35) 
Let  your  runner  first  go  straight  down  the  board  upon  the 
oblong  velvet,  it  will  then  run  through  the  velvet  without 
changing  its  course,  as  a  vertical  ray  does  through  a  lens. 
Then  start  it  obliquely,  as  at  a,  across  the  board,  so  that  i' 
"  Nature,'  vol,  ix.  1874,  p.  ij8. 
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will  reach  the  velvet  in  the  position  b.     Here  the  left  wheel 

of  the  runner  will  touch  the  velvet  first,  and  will  be  checked 

by  the  rough  pile,  while  the  right  wheel  moves  on  quickly 

as  before,  and  thus  the  runner  will  swing  round  or  be  refracted 

into  the  direction  b  c.      Then,  as  it  passes  out  again,  the 

left  wheel  will  come  out  of  the  velvet  first  and  will  move 

more  quickly  on  the  smooth  board,  while  the  right  is  still 

checked  by  the  velvet ;  therefore  the  runner  will  again  be 

shifted  round  or  refracted  as  it  passes  out  into  the  direction  c  d. 

In  figure  a,  on  the  other  hand,  even  if  ihe  runner  passes  in 

vertically,  yet  the  rounded  surface  of  the  lens  causes  the  left 

wheel  to  enter  first,  and  as,  in  consequence  of  the  rounding 

of  the  second  surface  this  same  wheel  comes  out  last,  the  ray 

is  refracted  inwards  along  its  whole  course.     You  can  easily 

follow  the  course  of  the  runner  through  the  other  lens  for 

yourself,  always  noticing  that  the  arrow  marks  which  way  the 

fay  of  light  is  coming ;  and  when  you  have  done  this  you 

''ill  have  a  beautiful  imitation  of  the  way  in  which  the  waves 

I'l'  HkIiI  are  rcj'nuted  in  passing  from  one  medium  to  another. 

Double  Be  lactic  n.—There  is  another  remarkable  fact 

*lx)ui  light  which  Hu)ghens  explained ;  namely,  the  double 

''ifraition  of  light  through  a  crystal  called  Iceland  spar.     A 

physician  of  Copenhagen  named  Erasmus  Bartholinus  had 

Wcived  from  Iceland  a  crystal  in  the  form  of  a  rhomboid 

(wt  Fig.  36),  which,  when  broken,  fell 

into  pieces  of  the  same  shape.      Barlho-  /~~,         7 

linus  called  this  crystal  '  Iceland  spar,'         /        •     / 

"id  while  making  experiments  with  it  pio.  36. 

I      DCObsetved  that  an  inkspot  or  any  small  AEpoior  ink  kea  ibn>ugh 

"l>i«t  seen  through  it  appeared  to  be     «"v-1''"«|"''*P"- 

douhled     He  was  not  able  to  explain  this  curious  fact,  but  he 

Publishedanaccount  of  it  in  1669,  and  Huyghens  accounted 

f  it  (jULte  correctly  by  suggesting  that  the  crystal  was  more 
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elastic  in  one  direction  than  in  the  other,  so  that  a  wave  of 
light  passing  into  it  was  divided  into  two  waves  moving  at 
different  rates  through  the  crystals.  This  would  cause  them 
to  be  bent  differently — one  according  to  Snell's  ordinary 
law  of  refraction  (see  p.  105),  and  the  other  in  an  extra- 
ordinary way,  Thus  these  two  separate  rays  entering  the 
eye  would  cause  there  the  impression  of  two  objects. 

This  curious  effect  is  very  interesting  to  study,  and  it  led 
Huyghens  to  make  a  number  of  remarkable  experiments. 
He  found  that  the  two  rays  when  they  passed  out  at  the 
other  side  of  the  cr>-stal  remained  quite  separate  the  one 
from  the  other,  and  if  they  were  afterwards  sent  through 
another  crystal  in  the  same  direction  that  they  had  gone 
through  the  first,  they  went  on  each  their  own  way.     But 
now  came  a  very  extraordinary  fact :  if  the  second  crystal 
was  turned  round  a  little  so  that  the  rays  passed  in  rather  a 
different  direction  through  it,  each  ray  was  again  split  up 
into  two,  so  that  there  were  now  four  rays,  sometimes  alt 
equally  bright,  sometimes  of  unequal  brightness,  but  the 
light  of  all  four  was  never  greater  than  the  light  of  the  one 
ray,  out  of  which  they  had  all  come.     These  four  rays  con- 
tinued apart  while  he  turned  the  second  crystal  more  and 
more  round  ;  till,  when  he  had  turned  it  90°,  or  a  quartM  ,, 
of  a  circle,  the  rays  became  hm  again,  with  this  remarkable^ 
peculiarity,  that   they  had  changed  characters!     The  rajri 
which  before  had  been  refracted  in  the  ordinary  way  non^ 
took  the  extraordinary  direction,  while  the  other  chose  tha 
ordinary  one.  " 

This  curious  effect  observed  by  Huyghens  is  now  known 
as  the  '  polarisation  of  light'  by  crystals.  There  is  a  beautS 
fill  explanation  of  it,  but  we  must  wait  for  that  till  we  conside4 
the  science  of  the  nineteenth  century,  for  it  is  now  muc4 
betier  understood.     Huyghens' '  Theory  of  Light '  was  pula^ 
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lished  in  1690,  under  the  title  *Traitd  de  la  Lumifere.'  He 
remained  in  Paris  for  some  years ;  but  left  and  returned  to 
Holland  when  the  persecution  of  the  Protestants  began  afler 
the  revocation  of  the  Edict  of  Nantes.     He  died  in  1695. 


Chuf  Works  ccnsuUed, — Herschers  'Familiar  Lectures' — art 
•Light;*  Tylor,  *On  Refraction *—•  Nature,'  vol.  ix. ;  «Edin.  Phil. 
Journal/  vols,  it  and  iii. — *On  Double  Refraction;*  Ganot's  *  Phy- 
sics ;*  Encydopsedias — *  Britannica/  *  Metropolitana,'  and  Brewster's. 
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CHAPTER    XXII. 


SUHUARY  OF  THE 


^   THE   SEVENTEENta 


We  have  now  arrived  at  the  close  of  the  seventeenth  century, 
and  it  only  remains  for  us,  before  going  further,  to  try  and 
picture  to  ourselves  the  great  steps  in  advance  which  had 
been  made  between  the  years  1600  and  1700.  We  saw  at 
p.  80  that  the  work  of  the  sixteenth  century  consisted  chiefly 
in  making  men  aware  of  their  own  ignorance,  and  teaching 
them  to  inquire  into  the  facts  of  nature,  instead  of  merely 
repeating  what  they  had  heard  from  others.  In  the  seven-  ■ 
teenth  century  we  find  them  following  out  this  rule  of  patient 
research,  and  being  rewarded  by  arriving  at  grand  and  true 

ABtronomy.— To  begin  with  Astronomy.    Here  Galileo 

led  the  way  with  his  telescope.  The  structure  of  the  moon, 
with  its  mountains  and  valleys ;  the  existence  of  Jupiter's 
four  moons  revolving  round  it  and  giving  it  light  by  night ; 
the  myriads  of  stars  of  the  Milky  Way ;  the  spots  of  the  sun 
coming  into  view  at  regular  intervals,  and  thus  proving  that 
the  sun  turns  on  its  axis ;  all  these  discoveries  forced  upon 
men's  minds  the  truth  that  our  little  world  is  not  the  centre 
of  everything,  but  a  mere  speck  among  the  millions  dC 
heavenly  bodies.  But  while  they  humbled  man's  false  pride 
in  his  own  importance,  they  taught  him,  on  the  other  hand, 
the  true  greatness  which  God  has  put  in  his  power  by  giving 


lum  ihe  intellect  to  discover  and  understand  these  wonderful 
tmthi  if  he  will  only  seelc  them  in  an  earnest  and  teachable 
^irit. 

Then  came  Kepler  with  a  still  grander  lesson,  for  he 
showed  that  the  movements  of  the  planets  are  governed  by 
r^iar  and  fixed  laws,  which  can  be  traced  out  so  accurately 
thil  an  astronomer  is  able  to  foretell  with  confidence  what 
■"ill  happen  many  years  after  he  himself  has  passed  away. 
Thus  we  see  Gassendi  and  Horrocks,  by  the  use  of  Kepler's 
libours,  calculating  within  a  few  minutes  the  time  of  a 
planet's  passage  across  the  face  of  the  sun  and  watching  the 
oacl  fulfilment  of  the  prediction.  Nor  is  this  all :  so  exact 
Md  true  are  these  movements,  and  so  completely  is  man 
ible  to  read  them  rightly,  that  by  this  simple  passage  of  a 
mull  black  spot  across  the  sun  Halley  showed  that  we  may 
lUually  number  the  millions  of  miles  between  ourselves  and 
the  great  light  around  which  we  move.  We  might  almost 
think  that  we  had  now  travelled  as  far  as  man's  mind  could 
go,  but  something  (ar  greater  remained  behind.  Newton 
lining  under  his  apple-tree  and  pondering  on  the  wonderful 
mechanism  of  the  heavens,  found  the  one  great  law  which 
«Sounts  for  the  movements  of  all  the  bodies  in  the  universe 
—a  law  which  explains  equally  why  a  pin  falls  to  the  ground 
and  why  a  comet  which  has  been  lost  to  sight  for  more 
ibn  seventy  years  will  return  to  a  certain  fixed  spot  at  a 
liiyand  an  hour  which  can  be  accurately  foretold.  Kepler 
fiid  pointed  out  (uced  and  definite  laws  by  which  the  uni- 
''Wie  is  governed  ;  Newton  demonstrated  that  one  law  ex- 
plains them  all.  He  showed  us  how  one  single  thought,  as 
Ut  were,  of  the  Divine  mind  suflSces  to  govern  the  most 

implicated  as  well  as    the    simplest    movements  of  our 

Scm. 
All  this  advance  from  Galileo  to  Newton  was  the  work 
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of  the  seventeenth  century.  It  began,  you  see,  with  certain 
simple  facts ;  by  Galileo  seebg  that  bodies  existed  in  the 
heavens  which  were  not  known  to  be  there  before ;  it  ended 
in  the  beautiful  law  of  which  we  have  just  spoken.  Bat  I 
want  you  particularly  to  notice  that  this  end  would  never 
have  been  reached  by  men  who  were  content  to  sit  down 
idly  and  talk  of  the  greatness  of  God.  It  was  the  result  of 
real  work  by  men  who  tried  first  to  learn  the  facts,  and  from 
these  to  prove  reverently  the  way  in  which  it  pleases  God  to 
bring  them  about;  and  in  this  labour  of  love,  being  brought 
face  to  face  with  the  infinite  grandeur  of  nature,  they  learnt 
that  true  humility  which  led  Newton,  the  greatest  of  them 
all,  to  feel  that  he  was  but  as  a  little  child  gathering  pebbles 
on  the  shore  of  the  great  ocean  of  truth. 

Physios. — If  we  now  turn  to  Physics,  we  shall  find  that 
the  way  to  knowledge  lay  still  along  the  same  road  of  patient 
inquiry.  Torricelli's  barometer  and  Guericke's  hemispheres 
of  Magdeburg  both  proved  by  direct  experiment  that  the 
atmosphere  round  our  earth  is  pressing  in  all  directions 
equally  with  great  force ;  and  this  again  brings  us  round  to 
the  force  of  gravity,  which  is  the  cause  of  this  pressure ; 
while  Boyle's  experiment  showed  that  air  is  elastic,  being 
compressed  in  exact  proportion  as  the  weight  upon  it  is 
increased,  and  expanding  again  directly  it  is  diminished. 
Newton  showed  that  this  elasticity  of  air  gives  rise  to  the 
waves  of  condensation  and  rarefaction,  which  convey  an 
original  impulse  across  wide  spaces  and  produce  the  effect 
of  sound  upon  our  ears. 

Again,  in  the  subject  of  Light,  we  begin  with  hard  dry 
facts,  which  doubtless  you  may  have  thought  it  wearisome  to 
master,  but  we  end  with  a  theory  so  wonderful  and  beautiful 
that  it  seems  more  like  a  fairy-tale  than  sober  science.  The 
first  step  here  was  the  invention  of  the  telescope,  which, 
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Irtile  it  opened  the  road  on  the  one  hand  to  astronomical 
I  djscoveries,  also  led  to  the  grinding  of  lenses,  and  to  a  more 
artful  study  of  the  laws  of  light.  This  it  was  which  caused 
Snelliiis  to  make  experiments  on  the  bending  of  rays  with  a 
'iew  lo  improving  telescopes,  and  so  to  discover  the  law  of 
re&aclion,  afterwards  more  fully  stated  by  Descartes.  Then 
*t  find  this  last  philosopher  trying  to  explain  the  rainbow, 
and  studying  the  colours  falling  through  a  prism,  and  so  the 
subject  passed  on  into  the  hands  of  Newton, 

Here,  by  experiment  again,  the  threads  of  light  were  dis- 
eniangled  in  the  prism,  and  Neivton  drew  out  its  many- 
coloured  rays,  tracing  them  one  by  one  on  their  road,  till  he 
lud  sliown  how  they  can  be  explained  by  dispersion,  and  that 
lo  this  law,  which  seemed  so  uninteresting  at  first,  we  owe 
all  the  lovely  colours  which  surround  us.  And  now  Huy- 
ghens  takes  up  liie  story  and  leads  us  fairly  into  the  invisible 
"orld.  This  light,  which  Roemer  had  proved  to  be  travel- 
iing  across  space  with  marvellous  speed,  Huyghens  shows 
'0  be  no  actual  substance  at  all,  but  most  probably  a 
trembling  of  an  invisible  and  intangible  elJier — a  succession 
of  infinitely  liny  waves  chasing  each  otlier  across  millions  of 
rniles,  and  striking  at  last  on  the  minute  opening  of  our  eye, 
iinnging  to  us  the  wonderful  effects  of  light.  As  Newton 
traced  colours,  so  Huyghens  traces  the  invisible  waves  through 
raany  substances,  showing  us  their  path  and  why  they  take 
" ;  and  landing  us  at  last  in  the  bewildering  effects  of  polar- 
■uiion,  leaves  us  there  to  wail  for  more  knowledge  in  a 
ftiture  century. 

Biology. — And  now  wc  come  to  Biology,  or  the  study  of 
*I1  those  sciences  which  relate  to  hfe.  Here  you  must  re- 
DWaber  thai  our  account  of  the  discoveries  made  must  be 
■wie  than  usually  imperfect,  because  the  subject  is  more  than 
usually  difficult.     Yet  we  can  form  some  idea  of  the  new 
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light  thrown  upon  the  nature  of  the  living  body,  by  Harvey's 
theory  of  the  circulation  of  the  blood  and  the  discoveriet 
which  followed  concerning  the  way  in  which  nourisfameot  is 
carried  to  it.  We  can  see  how  Mayow's  experiments, 
proving  that  part  of  the  air  is  burnt  within  us,  supplying  heat 
to  our  bodies,  would  have  been  a  grand  step  in  advance  if 
he  had  lived  to  make  them  more  known,  and  how,  indeed, 
they  did  influence  those  who  came  after,  though  his  name 
was  for  a  time  foi^otten.  More  clearly  still  we  can  under- 
stand how  Malpighi's  and  Crew's  investigations  with  the 
microscope,  bringing  to  light  hidden  parts  and  vessels  of  the 
human  frame,  gave  rise  to  a  totally  new  branch  of  science, 
and  enabled  men  to  study  the  organisation  of  their  own 
bodies  with  an  accuracy  quite  impossible  before ;  while  the 
same  method  applied  to  Botany  gave  the  first  real  insight  into 
the  structure  of  plants,  tracing  out  their  delicate  organs,  and 
even  the  tiny  cells  of  which  their  flesh  is  composed.  And 
lastly,  in  the  field  of  Natural  History,  we  find  that  Ray  and 
Willughby  performed  the  immense  task  of  classifying  the 
whole  animal  and  vegetable  kingdoms,  and  laid  the  founda- 
tion of  the  grand  generalisations  of  Linnaeus  in  the  next 
century. 
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CHAPTER  XXIII. 

SCIENCE   OF   THE    EIGHTEENTH  CENTURY. 

''"31  spread  of  Science  in  the  Eighteenth   Century— Foundation   of  ■ 
Lcyden  University  in  1574 — Bocrhaave,  1701 — Organic  Chemistty 

—Dr.  Hales'  Eiperiments  on   Plants— Great  Popularity  of  Boet-  1 

•W'e'i  Chemical  Lectures.  | 

"  f  have  now  arrived  at  the  beginning  of  the  eighteenth 
^'Hiury,  only  179  years  before  our  own  day,  when  the  dif- 
'^''■nl  sciences  which  we  have  been  tracing  in  their  rise,  like 
''■i'-'  rills  on  the  mountain  sides,  were  beginning  to  swell 
'HI  into  mighty  streams,  widening  and  spreading  so  rapidly 
•^  it  is  in  vain  we  strain  our  eyes  to  try  and  watch 
'hnn  alL  The  time  had  now  come  when  any  man  who 
*ished  to  be  a  discoverer  was  obliged  to  devote  his  whole 
We  lo  one  branch  of  science,  following  it  out  in  all  its  in- 
tritaie  windings.  And  so  we  find  that  about  this  time  each 
^iencc  begins  lo  have  a  complete  history  of  its  own,  with 
'ts  own  eminent  men,  and  its  peculiar  language  growing  1 
"^We  and  more  technical,  so  as  scarcely  to  be  understood  by  i 
Ofdinary  readers. 

For  this  reason  most  general  histories  of  Science  stop  at 
•^I's  point  and  refer  their  readers  to  special  works  on  the 
"^'ffcrenl  sciences.  I  do  not,  however,  propose  to  do  this ; 
"«  though,  owing  to  the  great  strides  which  were  being 
""adc,  it  will  be  imjjossible  to  give  more  than  a  few  glimpses 
y  the  work  that  was  being  done,  still  I  think  that  if  we 
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struggle  on  through  the  increasing  mass  of  knowledge  and 
gather  up  a  fragment  here  and  there,  a  general  idea  of  the 
progress  of  science  may  be  gained  such  as  will  enable  young 
readers  to  turn  to  more  advanced  scientific  books  with  much 
greater  interest,  even  though  they  may  learn  very  little  of 
any  one  science. 

Astronomy,  Physics,  and  to  a  certain  extent  Chemistiy, 
had  made  such  a  start  at  the  end  of  the  seventeenth  centoij 
that  it  was  a  great  many  years  before  those  men  who  came 
after  Newton,  Halley,  Huyghens,  and  Stahl,  had  mastered 
the  new  discoveries  sufficiently  to  progress  any  £utfaer. 
Therefore  we  find  that  it  was  not  in  these  sciences  that  most 
advance  was  made  in  the  beginning  of  the  eighteenth  cen- 
tury, but  in  those  which  relate  to  living  beings,  and  which 
are  all  included  under  the  head  of  Biology,  or  the  science  of 
life.  Medicine,  Anatomy,  and  Physiology  were  the  branches 
which  grew  most  rapidly  about  this  time ;  and  the  five  great 
men  whose  names  stand  out  most  conspicuously  are  Boer- 
haave,  Haller,  John  Hunter,  Bonnet,  and  Spallanzani:  Boer- 
haave  as  the  founder  of  the  study  of  organic  chemistry^ 
Haller  and  Hunter  as  the  fathers  of  comparath'e  anatomy^ 
and  Bonnet  and  Spallanzani  as  the  discoverers  of  some  very 
remarkable  facts  in  physiology.  We  will  take  these  subjects 
in  regular  order,  and  try  to  understand  something  of  the 
work  which  was  done  in  them. 

Medioal  School  of  Leyden. — Potindation  of  Organic 
Chemistry  by  Boerhaave,  1701. — On  the  coast  of  Holland, 
just  where  the  Rhine  empties  itself  by  a  number  of  small 
channels  into  the  German  ocean,  stands  the  city  of  Leyden, 
which  became  famous  in  th^  year  1574,  on  account  of  a 
siege  of  four  months  which  the  starving  inhabitants  endured 
with  the  utmost  heroism,  when  the  Protestant  Netherlandeis 
were  struggling  for  life  and  liberty  against  Philip  IL  of  Spain. 
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The  Dutchmen  were  successful  at  last,  and  drove  out  the 
Spamsh  army,  by  cutting  away  the  dykes  and  letting  in  the 
sa  lo  swallow  up  their  beautiful  pastures,  their  neat  villages, 
ind  their  fruitful  orchards ;  and  as  a  reward  for  their  de- 
volion  lo  the  cause,  William  of  Orange  founded  the 
I'niretsity  of  Leyden,  which  afterwards  became  very  cele- 
bntctl, 

Heimann  Boerhaave,  of  whose  work  we  are  now  going 
to  speak,  was  a  Professor  of  Medicine  in  this  University 
»boul  a  hundred  years  atXer  its  commencement  The  son 
Ufa  Dutch  clerg>'man,  he  was  bom  in  1668  at  Vorhout,  one 
of  those  same  small  Dutch  villages  near  Leyden  which  had 
btea  for  days  under  the  sea  in  1574.  His  father  intended 
Him  for  the  church  ;  but  the  young  student,  having  been 
Mcuswl  of  holding  false  opinions,  was  only  too  glad  of  this 
cwose  to  give  up  theology  and  study  medicine,  in  which  he 
ifelighted.  He  was  so  successful  that  in  1701  he  was  made 
Uciurer  of  Medicine  in  the  University,  and  a  few  years 
Utcr  the  Professorships  of  Chemistry  and  Botany  were 
>1»  pven  to  him.  From  that  time  the  Medical  School  of 
Ujdcn  became  famous  all  over  the  world.  Students 
flocked  10  it  from  all  quarters,  and  most  of  the  best  raed- 
icjl  men  of  Europe  were  pupils  of  Boerhaave.  This  was 
Jiw  chiefly,  of  course,  to  his  wonderful  medical  knowledge 
11(1  his  skill  as  a  lecturer ;  but  his  popuhrity  was  greatly 
increased  by  his  enthusiasm,  kindly  temper,  and  the  great 
ioierest  which  he  took  in  the  success  of  his  pupils.  He 
Ws  always  ready  lo  help  others  and  to  give  them  credit 
fcr  the  work  they  had  done,  and  it  is  said  that  even  his 
tDcmies  could  not  resist  his  constant  and  uniform  kind- 
Bess  and  good-temper.  He  loved  his  science  loo  well  to 
Under  its  progress  by  angry  disputes  ;  and  by  imparling 
■his  spirit  to  his  pupils  he  did  almost  as  much  for  the 
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spread  of  medical  science  as  by  the  &cts  which  he  taug^ 
them. 

But  besides  his  influence  upon  medicine  in  general  dieie 
was  one  particular  study  which  Boerhaave  may  be  said  to 
have  founded ;  namely  that  of  organic  chemisiryy  or  the 
chemical  analysis  of  substances  occurring  in  plants  and 
animals.  You  will  remember  that  the  £dse  science  of 
alchemy  had  always  been  much  mixed  up  with  chemistry, 
and  the  alchemists  had  some  strange  mystical  notions  about 
'  vital  fluids,'  which  they  supposed  to  exist  in  animal^  and 
plants,  atid  to  cause  their  life  and  growth.  Little  by  little 
however,  more  correct  ideas  had  grown  up  in  the  sixteenth 
and  seventeenth  centuries  about  the  nature  of  life.  Vesalius^ 
Harvey,  Malpighi,  Grew,  and  many  others,  had  gradually  des- 
cribed more  and  more  accurately  the  working  of  the  different 
organs  of  a  Vmng  being,  and  now  Boerhaave  went  farther, 
and  tried  to  discover  by  means  of  chemistry  of  what 
materials  these  organs  themselves  are  composed. 

In  the  same  way  that  Geber  had  decomposed  or  divided 
up  inorganic  substances,  such  as  metals  and  earths,  by  distil- 
lation and  sublimation  (see  p.  43),  so  Boerhaave  proposed  to 
decompose  the  organic  structures  of  plants  and  animals, 
and  to  discover  the  materials  contained  in  them.  To 
accomplish  this  he  took  a  plant,  such  as  rosemary,  and 
putting  fresh  moist  leaves  of  it  into  a  furnace,  heated  them 
gently  and  drove  out  all  the  moisture,  which  he  collected 
in  a  separate  vessel  When  this  moisture  had  cooled  down 
into  a  liquid  he  examined  it  and  found  that  it  was  made 
up  of  water,  and  of  different  kinds  of  oils  and  essences^ 
according  to  the  plant  he  had  taken.  For  instance,  from 
rosemary  he  got  an  essence  with  the  peculiar  scent  of 
rosemary;  from  the  bark  of  the  cinnamon  tree,  Laums 
Camphorum^  or  Cinnamomum  camphorum^  he  got  essence  of 


am.  OUGAmC  CHEMISTRY.  193 

dnnaraon ;  from  its  roots,  camphor ;  and  from  its  leaves  an 
oil  with  the  taste  of  cloves.  Then  after  he  had  extracted 
al!  Ihe  juice  from  the  plant,  he  burnt  the  dry  remains,  to  see 
what  would  be  contained  in  its  ashes  after  the  fire  had 
driven  off  part  of  the  solid  matter  as  gas,  and  he  found  in 
them  a  kind  of  salt,  which  was  also  different  in  different 
planis.  But  if  he  poured  hot  water  on  the  plant  before 
burning  it,  he  found  no  salt  in  the  ashes,  for  it  had  been 
dissolved  and  carried  off  in  the  water. 

Having  now  found  of  wiiat  materials  the  plant  was  com- 
posed, the  next  step  was  to  discover  where  they  came  from  ; 
M  he  took  several  specimens  of  earth  in  which  plants  can 
grow  and  examined  them  also  ;  and  he  found  that  he  could 
tttract  from  them  many  of  the  substances,  such  as  sail, 
*iiini,  borajt,  and  sulphur,  which  he  had  also  discovered  in 
the  ashes  of  the.  plants.  It  was  clear,  then,  that  the  plant 
look  these  salts  out  of  the  earth  ;  and  by  a  number  of  experi- 
ments he  went  on  to  prove  that  they  are  dissolved  by  the 
rain-water  which  sinks  into  the  earth,  and  are  then  sucked 
lip  by  the  plants  through  their  roots  and  carried  up  to  the 
'eaves,  where  they  are  exposed  to  the  air  and  sunshine,  and 
»ltmd  so  as  to  become  food  for  the  plant.  The  other 
parts  which  did  not  come  from  the  soil  he  concluded  must 
Iw  taken  in  from  the  air.  These  were  splendid  facts,  and 
i-uriously  enough  a  celebrated  English  chemist,  Dr.  Hales 
(iwni  1677.  died  1761),  made  some  similar  experiments 
almost  at  the  same  time,  which  confirmed  those  of  Boer- 
laave.  Hales  even  went  so  far  as  to  measure  the  quantity 
of  water  taken  in  at  the  roots  and  given  out  at  the  leaves 
of  plants,  and  he  discovered  the  way  in  which  plants  breathe 
Ibrough  the  little  stotnala,  or  mouths,  discovered  by  Grew 
(leep.  1 38). 

From  ihe  juices  of  plants  Boerhaave  next  went  on  to 
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those  of  animals,  and  he  decomposed  in  a  most  beautifiil 
and  simple  manner  milk,  blood,  bile,  and  those  fluids  called 
chyle  and  lymph  which  convey  nourishment  to  the  blood. 
These  he  compared  with  the  sap,  gimis,  resins,  and  oils  of 
plants,  and  showed  that  animal  bodies  are  made  up  of 
altered  v^etable  matter,  just  as  plants  are  in  their  turn 
composed  of  matter  taken  from  the  soil  and  the  air ;  and 
he  suggested  that  by  careful  experiments  it  would  at  last  be 
possible  to  discover  exactly  the  materials  of  which  all  living 
beings  were  made. 

Boerhaave's  analyses  of  organic  substances  were  veiy 
rough  and  imperfect  compared  to  those  which  are  made  now; 
for  you  must  remember  that  the  four  gases,  oxygen,  hydro- 
gen, nitrogen,  and  carbonic  acid,  which  we  now  know  axe  die 
chief  constituents  of  plants,  were  not  yet  discovered.  Yet 
even  these  rough  attempts  were  so  interesting  that  students 
crowded  round  the  doors  of  his  lecture-room  for  houn 
before  the  lecture  began,  to  secure  admission ;  and  there  can 
be  no  doubt  that  his  *  Elements  of  Chemistry,'  published  in 
1732,  contained  the  first  steps  in  the  study  of  the  chemistiy 
of  living  things.  Boerhaave  was  also  a  celebrated  botanist 
He  died  in  1738,  and  deserves  always  to  be  remembered  as 
one  of  the  greatest  teachers  of  the  eighteenth  century. 


Chief  Works  consulted. — Brewster's  *  Encyclopaedia ' — *  Boerluuive ;' 
Miller's  '  Organic  Chemistry/  1 869 ;  Cuvier,  '  Hbt.  des  Sciences 
Naturelles;'  Sprengel,  'Hist,  de  la  Medicine,*  181 5;  Burton's  'Life 
and  Writings  of  Boerhaave, '  1 746 ;  Boerhaave,  *  Elements  of 
Chemistry,*  Englished  by  Dallowe,  1735;  Hales'  'Essays  concerning 
Vegetable  Staticks,'  1759. 


HALLER—A  NA  TOMIST. 


CHAPTER  XXIV. 

SCIENCE  OF  THE  EIGHTEENTH  CENTURY  (CONTINUED). 

iliUtr— Foundalion  of  Goltingen   Universily — Rise  of  Comparalive 
Aniwmy — John  Hunter — His  Museum — Bonnet— Spa llaniani. 

Hallar,  1708-1777. — Among  the  pupils  of  Boerhaave  there 
"IS  one  man  who  became,  in  some  respects,  even  more 
famous  than  his  master.    This  was  Albert  von  Haller,  son  of 
^i  Chancellor  of  Baden,  who  was  bom  at  Berne  in  1 708, 
wd  died  in  1777.     Haller  seems  to  have  been  a  most  extra- 
ordinary child  ;  at  nine  years  of  age  it  is  said  that  he  knew 
Utin  and  Greek,  and   had  written  a  Hebrew  and  Greek 
(itctionary,  a  Chaldean  grammar,  and  an  historical  dictionary ! 
I       ^t  are  not  told  how  good  these  books  were ;  but  how  very 
I      few  boys  of  nine  years  old  would  have  been  able  to  write 
[      4era  at  ail !     At  seventeen  Haller  went  to  Leyden  to  study 
Under  Boerhaave,  and  under  Albinus,  a  famous  anatomist; 
And  at  nineteen  he  was  already  a  doctor  of  medicine.     Hav- 
ing  been   driven   out  of   Paris  because  the  people   were 
horrified  at  iiis  dissecting  dead  bodies,  he  went  to  Berne, 
Where  he  became  professor  of  anatomy  ;  and  in  1736,  when 
George  II.  of  England,  who  was  also  Elector  of  Hanover, 
founded  the  University  of  Goltingen,  he  went  there  as  pro- 
fessor of  anatomy,  surgery,  and  botany,  and  soon  made  that 
University  as  famous  as  Boerhaave  had  made  that  of  Leyden. 
^k        One  of  his  first  reforms  was  to  turn  the  work  of  his  pupils 
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to  good  account  When  medical  students  are  going  to  pass 
their  last  examination  they  are  required  to  write  an  essay, 
or  thesis^  as  it  is  called,  before  they  can  receive  their  degree 
of  doctor.  Haller  used  always  at  these  times  to  propose  to 
each  one  of  his  students  some  difficult  point  in  anatomy  or 
physiology,  in  which  he  thought  new  discoveries  might  be 
made,  and  he  then  drew  out  a  plan  for  them  and  showed 
them  how  to  begin.  By  this  means  their  essays  were  often 
full  of  new  and  useful  information,  and  it  was  a  great  deal 
owing  to  the  help  of  his  pupils  that  Haller  was  able  to 
publish  1 80  volumes  on  science,  all  more  or  less  valuable. 

There  was  also  a  very  good  anatomical  theatre  at  Got- 
tingen,  and  from  dissections  made  there  Haller  produced 
a  set  of  most  beautiful  anatomical  drawings,  which  he  pub- 
lished between  1743  and  1753.  You  will  remember  that 
Vesalius  published  many  fine  engravings  of  parts  of  the 
human  body  (see  p.  65),  and  since  his  time  many  others 
had  been  made,  especially  by  Haller's  master,  Albinus.  But 
Vesalius*  drawings  were  coarse,  because  he  had  no  micro- 
scope to  help  him,  and  Albinus  had  only  drawn  separate 
parts,  such  as  a  muscle,  a  nerve,  or  a  veia  Haller^s  plates 
were  the  first  which  showed  the  different  nerves  and  vessels 
attached  in  their  right  position,  and  to  each  plate  he  added 
a  complete  history  of  the  function^  or  use  of  the  parts 
drawn.  He  made  these  drawings  so  accurate,  and  spent  so 
much  time  upon  each  minute  stnictiure,  that  in  seventeen 
years,  with  all  the  help  he  had,  he  was  not  able  to  complete 
the  description  of  the  whole  human  body. 

Haller  discovers  the   Power  of  the  Musdles  to 

Contract. — It  was  while  he  was  at  work  at  these  dissections, 

that  he  made  one  great  discovery,  which  you  must  try  to 

understand.     If  you  clasp  your  right  hand  round  your  left 

arm,  just  above  the  elbow,  and  then  bend  your  left  arm,  you 
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irit!  feel  the  part  under  your  hand  swell  up  and  grow  hard. 
The  reason  of  this  is  that  the  muscle  of  your  axm,  called  the 
biceps,  has  contracted,  or  grown  shorter  and  thicker,  in  the 
process  of  bending  your  arm.     If  you  open  your  arm  again, 

»^e  swelling  will  go  down,  because  the  muscle  is  stretched  ouL 
Nw  before  Halier's  time  it  was  thought  that  the  muscles 
could  not  contract  of  themselves,  but  were  drawn  up  by  the 
Mnes,  Haller  discovered  that  this  is  not  so,  but  tliat  a 
muscle,  if  irritated,  will  draw  itself  together,  even  when  it  is 
quite  separated  from  the  nerves,  and  this  has  since  been 
proved  to  be  true  by  a  great  number  of  experiments.  So 
tHit  though  it  is  true  that  our  nerves  are  the  cause  of  our 
nioving,  because  they  excite  the  muscles  and  so  make  them 
coniract,  yet  the  real  power  of  contraction  is  in  the  muscle 
L  itselt 

I  ComparatiTO  Anatomy,  or  the  Comparison  of  Dif- 
r  ftwnt  StructuroB  in  Men  and  Animnig.— Tnhn  Huntor. 
—Another  point  in  which  Haller  did  good  service  to  science 
IS  in  comparing  the  same  parts  of  the  body  of  men  and 
Mimals,  and  showing  how  far  they  are  alike.  This  study, 
«hich  is  called  the  study  of  comparative  anatomy,  has  now 
become  very  important,  for  by  examining  any  organ,  such  as 
the  heart,  for  example,  from  the  lower  animals  in  which  it  is 
very  dmple,  up  to  man  in  whom  it  is  complicated,  we  can 
trace  its  gradual  improvement,  and  understand  it  much  more 
perfectly.  Aristotle  and  Vcsalius  had  both  of  them  com- 
pared some  of  the  parts  of  different  animals,  and  so  had 
Other  and  later  zoologists  ;  but  Haller  was  the  first  to  make 
it  a  regular  study,  and  John  Hunter,  who  lived  about  the 
same  time,  devoted  his  whole  life  to  it,  and  raised  it  to  the 
nuik  of  a  separate  science. 

John  Hunter,  who  was  bom  in  the  County  of  Lanark, 
Lb  17 18.  was  the  brother  of  a  very  eminent  London  phy- 
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sician,  Dr.  William  Hunter,  who  was  also  a  great 
John,  being  delicate,  had  been  allowed  to  grow  up  with  very 
little  education,  and  at  twenty  years  of  age  he  came  up  to 
London,  a  mere  ignorant  lad,  to  try  and  help  his  brother  in  his 
anatomical  dissections.  Here  he  soon  showed  that  he  had 
plenty  of  ability,  for  he  learnt  dissecting  so  rapidly  that  at 
the  end  of  a  year  he  was  able  to  teach  his  brother's  pupils, 
and  before  long  he  became  one  of  the  leading  surgeons  at 
Sl  George's  Hospital,  and  had  a  large  private  practice. 

But  though  he  made  a  great  deal  of  money  by  his  pro- 
fession, he  spent  it  all  upon  his  favourite  study  of  anatomy, 
to  which  he  devoted  every  spare  moment.  His  great  wish 
was  to  compare  thoroughly  the  different  parts  of  men  and 
animals,  so  as  to  show  how  the  life  of  each  one  of  them  is 
carried  on.  For  this  purpose  he  dissected  and  preser\'eii  in 
different  ways  all  the  bodies  of  animals  upon  which  he  could 
lay  his  hands.  He  bought  up  all  the  wild  beasts  that  died  in. 
the  Tower,  where  they  were  then  ke]3l,  and  any  which  he 
could  procure  from  travelling  menageries,  and  he  even  kepC 
foreign  animals  himself  in  a  piece  of  ground  at  Earl's  Court, 
Brompton,  that  he  might  watch  their  habits  and  dissect  their 
dead  bodies. 

As  years  went  on  and  his  specimens  increased,  he  built  s 
large  museum  in  Leicester  Square,  and  arranged  his  collec- 
tion so  as  to  show  which  parts  in  different  animals  serve  for 
the  same  use.  For  eiiample,  to  illustrate  the  Wi-ay  in  which 
animals  digest  their  food,  he  placed  lirst  the  hydras,  polyps, 
and  sea-anemones,  which  are  all  stomach,  being  in  them- 
selves noiliing  but  a  simjile  bag  surrounded  by  little  feelefs, 
and  having  a  fluid  inside  which  dissolves  the  food.  Then 
he  arranged  in  order  many  fonns  up  to  the  leech,  which  is 
a  bag  with  two  openings,  and  has  a  head  and  nerves  and 
other  parts,  besides  a  stomach.     Then  came  the  insects, 


some  of  which,  as  the  bees,  have  a  separate  receptacle  for 
honey,  of  which  they  disgorge  a  part  and  then  pass  on  the 
rest  inlo  the  real  stomach.  Then  came  the  snails,  in  which 
the  slomach  is  a  separate  part  with  a  second  opening  to 
pass  out  the  food  it  cannot  take  up.  Then  the  fishes,  some  of 
"hom  have  stomachs  strong  enough  to  crush  the  shells  and 
indigestible  parts  of  their  food,  while  others  have  the  mouth 
lined  with  teeth  for  this  purpose  ;  then  came  the  stomachs 
of  reptiles  ;  and  afterwards  those  of  birds,  with  the  curious 
crop  where  the  food  lies  first,  and  the  gizzard,  in  which  it  is 
rubbed  against  the  little  stones  which  the  bird  swallows. 
Then  finally  came  the  stomachs  of  the  higher  animals,  with 
many  curious  and  interesting  peculiarities  ;  as,  for  example, 
lie  divided  stomach  of  those  animals,  such  as  the  cow,  which 
chew  the  cud,  and  of  the  camel,  in  which  one  division  serves 
»s  a  water-bag.  And  side  by  side  with  these  organs  of 
digestion  he  placed  the  teeth  of  each  animal,  showing  how 
'hese  were  each  exactly  fitted  to  prepare  the  food  for  the 
rwnicular  kind  of  stomach  of  the  animal  to  which  they 
helonged. 

In  this  way  Hunter  tried  to  arrange  the  history  of  all  the 
(lifferenl  organs  of  the  body,  tracing  out  each  as  perfectly  as 
he  could,  and  showing  how  it  suited  the  wants  of  the  various 
*nimals.  Hismuseumcost  him  an  immense  amount  of  labour, 
^d  mote  than  ^70,000  in  money;  when  he  died,  in  1793, 
it  was  bought  by  the  English  Government  for  £,\ S.ooo  and 
placed  in  the  London  College  of  Surgeons,  and  for  the  last 
eighty  years  many  a  I^ndon  student  of  physiology  has  had 
Occasion  to  be  thankful  to  the  rough  and  uneducated  John 
Hunter  for  the  laborious  and  careful  work  he  did,  and  the 
magnificent  collection  he  left  behind  him. 

Experimenta  upon  Animals  by  Bonnet  and  Spallaa- 
— While  Haller  and  Hunter  by  their  dissections  were 
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adding  greatly  to  our  knowledge  of  the  structure  of  animals, 
two  famous  naturalists  in  Switzerland  and  Italy  were  bringing 
to  light  some  extremely  curious  and  interesting  facts  about 
their  growth. 

The  first  of  these,  named  Charles  Bonnet,  was  bora  at 
Geneva  in  1710,  and  died  in  1793.  He  had  a  great  love  ori 
natural  history,  and  when  he  was  twenty  years  of  age  he 
wrote  a  paper  upon  aphides,  or  plant-lice,  which  was  so  re- 
markable that  the  French  Academy  of  Sciences  at  once 
elected  him  one  of  their  corresponding  members.  He 
also  made  some  very  interesting  experiments  upon  plants*, 
showing  that  they  have  the  power  of  seeking  out  for  them- 
selves what  is  necessary  for  their  growth.  We  all  know  that 
plants  grow  towards  the  light,  and  if  kept  in  a  dark  rooni 
will  seek  out  even  a  crack  through  which  the  light  comes. 
But  Bonnet  proved  that  they  will  do  much  more  than  this, 
for  he  found  that  if  he  twisted  the  branch  of  a  tree  so  as  to 
turn  the  leaves  bottom  upwards,  in  a  httle  time  each  leaf 
turned  right  round  on  its  stalk  so  as  to  get  back  into  its 
natural  position ;  while  on  the  other  hand,  if  he  hung  a  wet 
sponge  over  a  leaf,  the  leaf  would  turn  its  under  side  up- 
wards, so  as  to  bring  the  little  mouths,  or  stomata,  dose  10 
the  sponge,  and  enable  them  to  drink  in  the  water.  In  this 
way  a  plant  will  always  find  out  the  best  way  of  growing  so 
as  to  get  as  much  sun  and  food  as  it  can.  Many  curious 
facts  of  this  kind  were  published  in  Bonnet's  work  on  the 
'  Use  of  the  Leaves  of  Plants,'  but  what  I  wish  now  paiticu- 
larly  to  relate  10  you  are  his  experiments  upon  animals  and 
the  regrowth  of  limbs  which  had  been  cut  off. 

It  had  long  been  known  that  very  simple  organisms,  sudi 
as  polyps,  may  be  cut  in  pieces,  and  each  part  will  live  and 
become  a  perfect  creature ;  but  no  one  thought  it  possible 
that  any  of  the  more  complicated  living  beings  could  be 
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Heated  in  this  way.     Bonnet,  however,    and  the    famous 

Ilaiian  naturalist  Spallanzani  (1729-1799)  proved  by  a  great 

,  munber  of  experiments  that  tails,  legs,  and  even  heads  will 

I  gnw  again  in  some  animals,  after  they  have  been  cut  off. 

I  The  garden-wonn,  for  example,  is  an  animal  with  many 

otgans :  it  has  numerous  bristles,  which  serve  as  feet,  it  has 

ateries  and  veins,  nerves,  and  organs  of  digestion,  and  a 

Oouth ;  yet  Bonnet  found  that  a  worm  if  cut  in  pieces  would 

gTQv  a  new  head  or  a  new  tail,  and,  what  was  still  more 

furious,  in  some  rare  cases  it  grew  the  head  on  the  end  where 

the  oil  had  been  before ! 

Spallanzani  went  even  farther  than  this,  for  he  experi- 
nented  on  snails.  Now  the  common  garden  snail  has  a 
bead  with  four  horns,  moved  by  very  complicated  muscles, 
ind  two  of  these  horns  have  eyes  at  the  end  of  them ;  more- 
over it  has  a  mouth,  with  teeth  and  a  tongue.  Spallanzani 
cut  off  first  the  horns  with  eyes,  and  afterwards  the  moulh 
ud  tongue,  and  found  that  the  snail  had  power  to  re-grow 
ihem  alL  He  then  tried  upon  aquatic  salamanders,  which 
resemble  our  newts,  or  efts.  These  creatures  have  red  blood 
14c  ourselves,  they  have  a  heart,  lungs,  bones,  and  muscles, 
Md  their  legs  possess  muscles  and  nerves  like  those  of  a 
"Un;  yet  Spallanzani  cut  off  the  tail  and  legs  of  one  sala- 
BiMder  six  times  in  succession,  and  in  another  case,  Bonnet 
rai  ihein  off  eight  times,  and  they  grewagaia  Bonnet  even 
look  out  the  right  eye  of  a  newt,  or  eft,  and  in  eight  montlis 
Mother  eye  had  grown  in  its  place.  These  experiments  were 
Wy  ilarthng,  for  ihey  showed  that  the  Ufe  of  the  lower 
inimals  does  not  so  much  depend  on  a  particular  part  of 
'be  body,  as  it  does  in  ourselves  and  in  the  higher  animals. 
If  you  cut  off  the  head  of  a  man  or  an  ox,  Ihey  die,  or  if  you 
on  off  a  leg,  it  never  grows  again ;  but  these  experiments 
^VDVed  that  the  worm  and  the  snail  live  and  grow  new 
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heads  and  limbs,  and  that  the  more  simple  an  animal  is,  the 
more  power  it  has  to  live  and  grow  after  it  is  cut  in  pieces. 
These  discoveries  led  Bonnet  to  make  a  suggestion  which 
should  be  remembered,  because  it  has  become  of  great 
importance  in  the  present  study  of  natural  history.  He 
asked  whether  it  was  not  likely  that  there  was  a  gradual  de- 
velopment or  complication  of  the  parts  of  the  body  as  you 
ascend  from  the  lowest  plant  up  to  the  highest  animal,  so 
that  the  body  of  a  worm,  for  example,  could  do  all  the  work 
necessary  to  keep  it  alive  and  make  it  grow,  without  the 
help  of  its  head,  and  a  lizard  could  in  the  same  way  make  a 
new  leg  without  much  difficulty.  But  as  the  machinery  gmr 
more  and  more  complicated  this  would  not  be  so  easy,  tiD 
at  last  it  would  become  impossible  in  the  higher  animals, 
just  as  in  a  complicated  machine  one  broken  wheel  will 
upset  the  whole  working.  Bonnet  wrote  a  book  called  *Tbe 
Contemplation  of  Nature,'  in  which  he  dwelt  upon  this 
subject,  and  tried  to  trace  out  how  animal  forms  had  become 
gradually  higher  and  higher,  till  they  had  arrived  at  man. 
We  shall  see  by  and  by  how  this  idea  occurred  also  to  the 
naturalist  Lamarck,  and  how  it  has  become  the  foundation 
of  a  grand  theory  of  life  in  the  present  century.  Meanwhile 
you  must  bear  in  mind  that  Bonnet  and  Spallanzani  added 
enormously  to  our  knowledge  of  the  lower  animals  and  their 
powers  of  life,  and  together  with  Boerhaave,  Haller,  and 
Hunter  did  a  great  deal  to  advance  the  sciences  of  anatomy 
and  physiology  in  the  beginning  of  the  eighteenth  century. 


Chief  Works  consulted. — *  Life  of  Haller* — *  Naturalists*  lAbnuy;* 
Brewster's  'Encyclopaedia,'  arts.  'Physiology*  and  *  Haller;*  Lawrence's 
•Lectures  on  Comparative  Anatomy,*  i8i6  and  1848;  Lawrence's 
Translation  of  Blumenbach's  *  System  of  Comparative  Anatomy,'  1807; 
*  Life  of  John  Hunter ' — *  Naturalists'  Library,*  vol.  x.  ;  Cuvier,  *  Hist 
des  Sciences  Naturelles ;'  Carpenter's  *  Comparative  Physiology ;'  Tom 
Taylor's  *  Leicester  Square,'  X^i^civ^viiVf  "^lolfessot  Owen. 
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CHAPTER  XXV. 

Rillbn  and  Linnxos  compared — Bnffon  on  Natural  History — Dauben- 
ton — ^Linntcus — Linnjean  or  Artificial  System — NatnnJ  System — 
Character  and  Death  of  Linn^cu.'!. 

LAdnoice  of  Natural  History — BufToa  and  IiinnEeus. — 
IIb  the  year   1707  two  men  were  bom,  the  one  in  France 

(nd  the  other  in  Sweden,  whose  names  have  become  almost 
iilly  well  known,  although  they  were  by  no  means  equally 

The  Frenchman,  George-Louis  Le  Clerc  BufFon,  the  son 
sellor  of  the  parliament  of  Dijon,  was  bom  on  his 
tuber's  estate  in  Burgundy.  The  Swede,  Karl  Linn^us,  the 
grandson  of  a  peasant  and  son  of  a  poor  Swedish  clergy- 
nun,  was  bom  in  a  small  village  called  Rashult,  in  the  south 
of  Swedea  Buffon  enjoyed  the  best  education  which 
France  could  afford  him,  with  plenty  of  opportunity  to  culti- 
fite  his  love  of  natural  history.  At  one-and-twenty  he 
succeeded  to  a  handsome  property,  and  after  traveliing  for 
wine  time,  settled  down  to  a  life  of  ease  and  literature,  partly 
)i  Puis,  and  partly  on  his  estate  in  Burgundy.  Linn^us 
*as  taught  in  a  small  grammar-school,  where  he  showed  so 
liitle  taste  for  books  that  his  father  would  have  apprenticed 
'"m  to  a  shoemaker,  if  a  physician  named  Rothmann,  who 
M*  the  boy's  love  for  natural  history,  had  not  taken  him 
"«o  his  own  house  and  taught  him  botany  and  physiology. 
'Vt  one-and-twenty,  when  Buffon  came  into  his  fortune,  the 
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young  Linnaeus,  with  an  allowance  of  eight  pounds  a  year 
from  his  father,  was  a  struggling  student  at  the  University 
of  Upsala,  putting  folded  paper  into  the  soles  of  his  dd 
shoes  to  keep  out  the  damp  and  cold. 

Bnffon's  Work  on  Natural  History:  he  traoes  the 
Distribution  of  Animals. — Bufibn's  private  life  is  not 
interesting.  He  was  a  vain  man,  and  not  a  moral  one ;  but 
he  had  great  talents,  and  remarkable  perseverance  and 
industry.  In  1739  he  was  appointed  Superintendent  of  the 
Royal  Garden  and  Cabinet  at  Paris,  a  position  which  he 
held  till  his  death.  His  great  work,  of  which  we  must  now 
speak,  was  his  '  Natural  History,'  which  occupied  him  during 
the  greater  part  of  his  life.  It  is  one  comprehensive  htstoiy 
of  the  living  world,  containing  descriptions  of  all  the  animals 
then  known,  their  structure,  their  distribution,  their  habits, 
and  their  instincts,  and,  mingled  with  these,  many  curious 
theories  about  the  world  and  its  inhabitants. 

The  anatomical  part  of  this  work  was  done  by  a  phjrsidan 
named  Daubenton,  who  came  from  Buffbn's  own  village,  and 
was  appointed  keeper  of  the  cabinet  of  natural  history 
through  his  influence.  Buffon  was  very  fortunate  in  having 
the  help  of  this  man,  for  having  weak  sight  himself,  and 
being  more  fond  of  general  theories  than  of  minute  details, 
this  part  of  his  work  would  have  been  very  poor  if  it  had 
not  been  for  Daubenton's  careful  and  conscientious  dis- 
sections and  descriptions.  The  rest  of  the  work  was  written 
chiefly  by  Buffon  himself,  who  bestowed  upon  it  immense 
pains  and  labour.  He  was  a  very  pleasing  writer,  and  did  a 
great  deal  for  natural  history  by  making  it  popular.  His 
books  were  more  like  romances  than  works  of  science,  but 
he  collected  in  them  a  great  deal  of  very  useful  information, 
and  put  it  in  a  shape  which  every  one  could  read  widi 
pleasure,  and  in  this  way  led  people  to  think,  and  to  wish  to 
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Ibovmorc  about  natuial  history  and  the  habits  and  Uves 
■if  inimals.  He  was  also  the  first  to  trace  out  with  any  care 
■  tte  way  in  which  animals  are  distributed  over  different  parts 
I  of  ihe  globe;  how  they  are  checked  by  climate,  by 
uniains,  by  rivers,  and  by  seas  from  wandering  out  of 
■tteir  own  regions,  and  how  they  are  more  widely  spread 
tr  cold  countries  than  over  warm  ones,  because  they  are 
f  Ible  to  cross  the  seas  and  rivers  upon  solid  or  floating  ice, 
ud  so  get  from  one  region  to  another. 

In  this  general  way  Buffon  gathered  together  a  great 
many  interesting  facts  about  animals.  His  works  were  all 
the  more  popular  because  he  disliked  anything  like  classi- 
Sration.  He  would  not  attempt  to  group  the  animals  after 
My  particular  method,  but  liked  to  describe  each  one  with 
4  liule  history  of  its  own,  and  to  write  on  freely  without  any 
very  great  scientific  accuracy.  Of  course  the  consequence 
was  that  he  often  made  great  mistakes,  and  arrived  at  false 
Minclusions ;  still  he  had  so  much  genius  and  knowledge 
than  great  part  of  his  work  will  always  remain  true,  and 
Natural  History-  owes  a  great  deal  to  Buffon.  He  died  in 
1788,  in  the  eighty-first  year  of  his  age,  and  twenty  thousand 
people  assembled  to  do  him  honour  at  his  funeral. 

Life  and  Influence  of  Linnasus,  1707-1778. — We 
tntist  now  turn  to  Linn^us,  whose  whole  life  and  labours 
*ere  as  different  from  those  of  Buffon  as  his  birth  and  early 
life  had  been.  Buffon  hated  to  be  bound  down  to  exact 
deisila ;  Linnreus  found  his  greatest  pleasure  in  tracing  out 
each  minute  character  in  plants  and  animals  so  accurately  as 
w  be  able  to  build  up  a  complete  classification,  by  which 
My  one  could  tell  at  once  to  what  part  of  the  animal  or 
'■^Setable  kingdom  any  living  being  belonged.  While  Buf- 
fo's books  were  entertaining  and  readable,  Unnteus's  were 
1  hard  dry  science,  consisting  chieUy  of  long  accurate 
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tables  and  minute  details  about  the  stnicture  of  animab  and 
plants.  Yet  Linnseus's  writings  are  worth  infinitely  more 
than  those  of  Buffon  for  one  simple  reason,  he  had  a  moie 
earnest  love  of  truth. 

Linnaeus  seems  to  have  been  bom  a  botanist  He  writes 
in  his  own  diary  that  when  he  was  four  years  old  he  went  to 
a  garden  party  with  his  father  and  heard  the  guests  dis- 
cussing the  names  and  properties  of  plants;  he  listened 
carefully  to  all  he  heard,  and  '  from  that  time  never  ceased 
harassing  his  father  about  the  name,  quality,  and  nature  of 
every  plant  he  met  with,'  so  that  his  father  was  sometimes 
quite  put  out  of  humour  by  the  incessant  questioniiigi 
However  at  last,  when  Dr.  Rothmann  took  him  into  his 
house,  he  had  opportunities  of  learning,  and  from  that  time 
he  advanced  so  rapidly  that  he  was  soon  beyond  all  his 
teachers. 

In  1736,  after  meeting  with  many  kind  friends  in  his 
poverty,  and  making  a  journey  to  Lapland,  which  was  paid 
for  by  the  Stockholm  Academy  of  Science,  he  went  to 
Holland.  Here  he  called  on  the  celebrated  Boerhaave,  who 
with  his  usual  good  nature  introduced  him  to  a  rich  banker, 
named  Clifford,  who  was  also  a  great  botanist  This  was 
the  turning-point  of  Linnaeus*s  life.  Mr.  Clifford  invited 
him  to  live  with  him,  treated  him  like  a  son,  and  allowed 
him  to  make  free  use  of  his  magnificent  horticultural  garden. 
He  also  sent  him  to  England  to  procure  rare  plants,  and 
gave  him  a  liberal  income.  It  was  at  this  time  that 
Linnaeus  is  said  to  have  been  so  overcome  by  the  sight  of 
the  mass  of  golden  bloom  on  the  furze  at  Putney  Heath, 
that  he  fell  upon  his  knees  and  thanked  God  for  having 
created  a  plant  of  such  wondrous  beauty.  Linnaeus  con- 
tinued with  Mr.  Clifford  for  some  time,  till  his  health  began  to 
tijlj  and  he  found  besides  that  he  had  learnt  all  he  could  in 
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thu  place,  so  he  resolved  to  leave  his  kind  friend  and  wander 
farther.  Mr.  Clifford  seems  to  have  been  much  hurt  at  hia 
laving,  yet  he  continued  his  kindness  to  him  through  life. 

Linnaeus  went  to  Leyden  and  Paris,  and  from  there  to 
Stockholm,  where  he  practised  as  a  physician,  and  at  last  he 
Kflied  down  as  Professor  of  Medicine  and  Natural  History 
U  I'psala,  where  he  founded  a  splendid  botanical  garden, 
■hich  served  as  a  modtl  for  many  such  gardens  in  other 
coBBtries,  such  as  the  Jardin  de  Trianon  in  France,  and 
Kew  Gardens  in  England.  His  struggles  with  poverty  were 
BDv  over  for  ever,  and  his  fame  as  a  botanist  was  spread  all 
over  the  world.  He  used  to  set  out  in  the  summer  days 
with  more  than  aoo  pupils  to  collect  plants  and  insects  ia 
liie  surrounding  country,  and  many  celebrated  people  came 
lo  Stockholm  to  attend  IJnoaeus's  '  Excursions,'  Then  as  hia 
pupils  spread  over  the  world  he  employed  them  to  collect 
ipccimens  of  plants  and  animals  from  distant  countries,  and 
lie  himself  worked  incessantly  to  classify  them  into  one 
greu  system. 

LtniUBUS  gives  Specific  ITames  to  Fl&rits  and 
Animala. — And  now  we  must  try  to  seize  upon  the  chief 
points  of  Linnxus's  work,  in  order  to  understand  some- 
iHng  of  what  he  did  for  science,  although  it  is  quite  impos- 
■  sble  in  a  book  of  this  kind  to  give  even  a  sketch  of  his 
divisions  of  the  animal  and  vegetable  kingdoms.  The  first 
wl  greatest  point  of  all  was  that  he  gave  a  second  or  specific 
iMK  to  every  plant  and  animaL  Before  his  lime  botanists 
W  only  given  one  name  to  a  set  of  plants ;  calling  all  roses, 
iot  eumple,  by  the  name  Rosa,  and  dicn  adding  a  descrip- 
IflOB  to  show  which  particular  kind  of  rose  was  meant 
^HBt,  for  instance,  for  the  Dog-rose  they  were  obliged  to 
Wp  Xfs^,  sylvestris  vulgaris,  ftore  odorato  incarnate,  that  is, 
Btamon  rose  of  the  woods  with  a  flesh-coloured  sweet- 


ao8  EIGHTEENTH  CENTURY.  ft.  in. 

scented  flower.'  This,  you  will  see,  was  extremely  incon- 
venient ;  it  was  as  if  all  the  children  in  a  &mily  were  called 
only  by  their  father's  name,  and  you  were  obliged  to  describe 
each  particular  child  every  time  you  mentioned  him ;  as 
'Smith  with  the  dark  hair,'  or  'Smith  with  the  long  nose  and 
short  fingers,'  etc.  A  botanist  named  Rivinus  had  suggested 
in  1690  that  two  names  should  be  given  to  plants,  and 
Linnaeus  was  the  first  to  act  upon  this  idea  and  to  give  a 
specific^  or,  as  he  called  it,  trivial  name  to  each  par- 
ticular kind  of  plant,  describing  the  plant  at  the  same 
time  so  accurately  that  any  one  who  found  it  could  decide  at 
once  to  what  species  it  belonged.  To  accomplish  this  he 
classified  all  plants,  chiefly  according  to  the  number  and 
arrangement  of  their  stamens  and  pistils  (or  those  parts 
which  produce  the  seeds),  and  then  he  subdivided  them 
by  the  character  and  position  of  their  leaves  and  other  parti 
In  describing  the  geranium,  for  example,  he  mentions 
first  the  *  sepals,'  or  little  green  leaves  under  the  flower ;  he 
says  they  are  five,  and  very  pointed  ;  then  the  *  petals,'  or 
flower-leaves,  are  fiy^  also,  growing  on  the  sepals  and 
heart-shaped  ;  the  *  stamens '  are  ten  in  number,  and  grow 
separate ;  the  little  vessels  on  the  top  of  the  stamens,  which 
are  called  'anthers,'  and  hold  the  yellow  dust,  are  oblong; 
the  'pistil,'  or  seed-vessel,  is  formed  of  five  parts,  which 
are  joined  together  into  one  long  beak  ending  in  five  points ; 
the  seeds  are  covered  with  a  skin  and  are  shaped  like  a 
kidney,  having  often  a  long  tip  which  is  rolled  round  in  a 
spiral  (like  a  corkscrew).  Here  we  have  a  definition  of 
the  genus  geranium ;  but  many  geraniums  will  answer  to 
this  description,  so  he  goes  on  to  describe  some  more 
special  characters.  The  sepals  in  this  particular  specimen, 
he  says,  are  joined  together  in  one  piece  \  the  stem  of  the 
-plant,  is  woody,  the  joints  are  fleshy,  the  leaves  are  slightly 
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feithered  at  the  edge.  These  last  characters  are  peculiar  to 
this  kind  of  geranium,  which  he  calls  Geranium  gibbosutn, 
ud  here  we  have  the  specific  name.  Any  geranium  which 
has  the  woody  stem,  the  joined  sepals,  the  fleshy  joints, 
and  the  feathery-edged  leaves,  will  be  the  species  called  by 
liBiasQ&  gibbosum. 

You  will  see  that  by  this  system  it  is  always  possible  to 
iind  oat  easily  to  what  part  of  the  vegetable  kingdom  your 
plant  belongs,  and  what  its  name  is ;  and  if,  after  you  have 
tnced  its  genus,  there  is  no  species  which  exactly  agrees 
with  yours,  you  then  know  that  you  have  discovered  a  new 
species  which  has  not  been  described  before.  Linnaeus 
dassified  animals  after  this  same  plan,  quadrupeds  chiefly  by 
their  teeth,  and  birds  by  their  beaks  and  feet,  and  after  his 
system  was  complete,  any  one  could  discover  the  scientiflc 
name  of  a  plant  or  animal  by  exercising  a  little  care  and 
patience  This  system  is  called  the  Linnsean  or  artificial 
^ystem^  because  it  only  selects  a  few  particular  parts  of  a 
plant,  so  as  to  help  you  to  look  it  out  in  a  kind  of  diction- 
»y.  It  tells  you  very  little  of  the  real  or  natural  life  of 
the  plant,  and  often  brings  some  very  near  together  which 
ue  really  very  different  It  is  as  if  you  classified  people 
bfsome  particular  feature,  such  as  those  who  had  long 
hab,  or  short  hair,  dark  or  light,  curly  or  straight.  This 
nug^t  be  very  useful  for  recognising  them,  but  it  would  be 
quite  artificial,  and  would  tell  you  very  little  about  their 
^  relationship.  Therefore  this  classification  has  now 
heen  partly  set  aside  for  another  or  natural  classifica- 
tion, which  Linnaeus  also  suggested,  only  he  thought 
Jt  too  difficult  for  ordinary  people;  and  which  was 
^ovked  out  by  a  French  botanist  named  Jussieu,  as  we 
ihall  see  by  and  by.  But  the  Linnaean  system  is  still 
extremely  useful  for  finding  the  name  of  a  plant  or  animal, 

p 


210  EIGHTEENTH  CENTURY.  PT.  IIL 

and  many  people  in  the  last  century  were  led  to  stndj 
zoology  and  botany  by  the  simplicity  of  the  classifications 
of  Linnaeus. 

The  other  useful  point  in  Unnaeus's  system  was  the 
accurate  and  precise  terms  he  invented  for  describing  plazUs. 
Before  his  time  naturalists  used  any  words  which  suited 
them,  and  as  different  people  have  often  very  different  ideas 
as  to  what  is  meant  by  long  or  short,  round  or  pointed,  etc, 
the  descriptions  were  often  of  very  little  value.  But 
Linnaeus  could  not  work  out  his  system  without  using  veiy 
clear  terms  and  explaining  beforehand  what  he  meant  by 
them;  and  as  his  nomenclature,  or  system  of  names,  was  soon 
followed  in  other  countries,  botanists  in  all  parts  of  the 
world  were  able  to  recognise  at  once  what  was  meant  by  the 
description  of  any  particular  plant  The  same  advantage 
arose  out  of  his  classification  of  animals,  and  the  care  with 
which  he  traced  out  their  chief  characters.  I  wish  I  could 
have  given  you  some  idea  of  this  system,  which  was  fully 
explained  in  the  *  Systema  Naturae,*  completed  in  1 768.  But 
when  you  remember  that  Linnaeus  classified  minutely  the 
whole  of  the  animals  and  plants  known  in  the  world,  you 
will  perceive  that  it  would  be  necessary  to  write  a  separate 
book  to  make  it  intelligible.  If  you  can  only  remember 
that  he  did  build  up  this  artificial  system,  and  that  he  was 
the  first  to  give  specific  names  to  plants  and  animals 
and  to  create  an  accurate  nomenclature  all  over  the 
world,  you  will,  I  think,  have  learnt  as  much  as  you  need 
know  at  present  about  the  work  of  the  great  Swedish 
naturalist. 

Linnaeus  was  not  a  vigorous  old  man.  The  hard 
struggles  of  his  youth  and  the  immense  work  of  his  after- 
life had  worn  him  out,  and  at  fifty-six  he  was  obliged  to  ask 
the  King  of  Sweden  to  let  his  son  lecture  sometimes  in  his 


I'hce.  With  this  help  he  continued  to  work  at  science  till 
Within  two  years  of  his  death,  when  his  mind  became  feeble. 
He  died  in  1778,  loaded  with  honours  and  beloved  and 
esitcmed  by  the  greatest  men  all  over  the  world.  His  had 
been  a  noble  life;  eolhusiastlc  and  truth-loving,  he  had 
worked,  even  when  he  was  poor,  for  science  and  not  for 
»e.iliii,  and  when  he  became  famous  and  rich  he  helped  his 
pupils  as  others  had  helped  him,  and  iived  simply  and 
fnjjplly  till  his  death.  Unlike  Buffon,  his  private  hfe  was  as 
pure  as  his  public  life  was  famous.  Over  the  door  of  his 
foom  he  placed  the  words  ^  Innocui  vivi/o,  Numm  adest' 
('liTe  innocently,  God  is  present '),  and  he  lived  up  to  hie 
fiotlo.  His  study  of  nature  had  filled  him  with  deep 
•wotnce  and  love  for  the  Great  Creator,  and  he  used 
<Aen  to  tell  his  friends  how  grateful  he  was  to  God  for 
•Iiose  gifts  which  had  made  his  life  so  full  of  interest  and 
ddighL 

After  the  death  of  Linnsus  his  family  sold  his  collection 
of  plants  and  insects,  and  all  his  books  and  manuscripts, 
to  Dr.  James  Edward  Smith  (afterwards  Sir  J.  E.  Smith), 
S»  one  thousand  pounds.  The  King  of  Sweden  was  at 
•te  lime  away  from  Stockholm,  but  directly  he  returned 
itu]  heard  that  such  a  valuable  national  treasure  was  on 
">  way  to  England  he  sent  a  man-of-war  to  Xry  and  bring 
"  back.  A  very  amusing  chase  then  took  place ;  Dr. 
^mith  did  not  mean  lo  lose  his  prize  if  he  could  help 
"r  ra  he  set  full  sail  and  literally  ran  away  till  he  reached 
"":  Thames,  and  landed  safely  in  London  without  being 
•^ughL  Thus  the  Linnxan  collection  came  to  England, 
•I'd  is  now  in  Burlington  House.  ITie  Swedes  are  natu- 
■^ily  Sony  that  it  left  their  country,  but,  on  the  other  hand, 
j  U  ^  become  more  known  to  scientific  men  in  London 
MBn  it  could  ever  have  been  in  Stockholm. 
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With  Linnaeus  we  must  end  for  the  present  the  histoiy 
of  the  sciences  relating  to  living  beings.  Early  in  the  nine- 
teenth century  we  shall  return  to  them  again,  but  in  the 
next  chapter  we  must  learn  something  of  a  new  science 
which  arose  about  this  time;  namely,  the  science  of 
'  Geology,'  or  the  study  of  the  earth. 


ChUf  Works  consulted, — ^Jardine's  'Naturalists'  Library,'  toIs.  il  and 
xiii. ;  Brewster's  'Encyclopaedia* — 'Bnfibn  and  Liiuueiis;'  CnTier, 
'  Histoire  des  Sciences  Natardles ; '  Smith,  Sir  J.,  '  IntroductioQ  to 
Botany;'  Poltene/s  'View  of  Writings  of  Limuens;'  LinmeDS, 
'  Systema  Naturae.* 


CHAPTER  XXVX 

SCIENCE   OF   THE   EIGHTEENTH   CENTURY   (CONTINUED), 

**»«judices  conceming  the  Creation  of  the  World — AtlempU  to  Accoutil 

for  Buried    Fossils— Palissy — ScilU — Woodward^  Vallisneri —  1 

Ijizaro  Moro  —  Wemer  —  Diiputei  between  the  Neptaoists  and 
Valcaiiists — Hntton— Willism  Smith;  His  Geological  Map  of 
England. 

^4rly  Pregudioea  oonoeming  the  Formation  of  lbs 
BookK — Yoii  will  no  doubt  remember  that  when  ive  were 
speaking  of  the  science  of  the  Greeks,  we  leamt  (p.  1 1 )  thai 
•V'hagoras  made  many  interesting  observations  about  the 
"Usi  of  the  earth,  which  led  him  to  say  that  the  sea  and 
«nd  must  have  changed  places  more  than  once  since  the 
oration  of  the  world.  Especially  he  pointed  out  that  sea- 
•tlells  are  found  inland,  deeply  buried  in  the  hills  ;  and  that 
^^  sea  eats  away  land  on  the  coast  in  some  pbces,  while  in 
"ibers  earth  is  washed  down  by  the  rivers  and  laid  at  the 
''OttoDi  of  the  ocean. 

We  have  now  passed  over  more  than  2000  years  since 
'ne  time  of  Pythagoras,  and  you  will  notice  that  we  have 
^«ard  nothing  more  about  observations  of  this  kind.  The 
^ct  ii,  that  during  the  Dark  Ages  the  study  of  the  earth  had 
■^^^n  almost  entirely  neglected,  and  people  had  taken  up 
^c  tnisiakcn  notion  that  they  ought  to  believe,  as  a  matter 
I  ^f  faith,  that  the  world  was  created  in  the  beginning  just  as 
^L^  BOW  see  it.     But  knowledge  and  inquiry  were  advancing 
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SO  fast  in  the  eighteenth  century,  that  it  was  impossible  fo: 
such  ignorance  to  continue  long.     People  could  not  go 
digging  wells  and  making  mines  in  all  parts  of  the  woi 
without  being  struck  by  the  way  in  which  the  different  straUmKz^ 
or  layers  of  rock,  are  arranged  in  the  earth's  crust,  lu^^r 
without  noticing  the   fossil   shells,  plants,   and   bones  czsmt 
animals  which  they  found  buried  at  great  depths. 

At  first  they  were  very  unwilling  to  believe  that  th< 
remains  had  ever  belonged  to  living  animals  and  plants, 
they  tried  to  imagine  that  they  were  only  stones  resemblir-^^ 
shells,  leaves,  etc.,  which  had  been  in  some  way  mysteriou&ly 
created  in  the  earth.  Then,  when  this  absurd  idea  w 
given  up,  they  next  inquired  whether  a  universal 
might  not  have  spread  them  over  the  land ;  but  though 
opinion  was  upheld  for  more  than  a  hundred  years,  yet  i^ 
was  clear  to  all  those  who  really  studied  the  subject  that  >^ 
could  not  account  for  the  many  layers  of  different  foss>21^ 
deeply  buried  in  the  earth. 

First  Attempts  to  study  the  Fossil  Remains  and 
Beds  containing  them. — At  last,  little  by  little,  there  arc^: 
men  who  adopted  the  more  sensible  plan  of  studying  cl^^ 
different  formations  in  the  crust  of  the  earth  before  making 
theories  about  them.     Bernard  de  Palissy,  the  maker  of  tl^^ 
famous  French  pottery,  was  the  first  to  assert,  in  1580,  tli^^^ 
the  fossil  shells  were  not  only  real  sea-shells  left  by  th»^ 
waters  of  the  ocean,  but  that   they  belonged  to  marir*^ 
animals  which  had  lived  and  died  on  the  spots  where  th^J 
were  found,  and  had  not  been  strewn  at  random  over  the  larm  ci 
by  a  deluge;  then,  in  1669,  we  find  Steno,  a  Dane,  writirBig: 
a  remarkable  work  on  petrifactions  in  the  rocks ;  and  i  ^ 
1670  Scilla,  an  Italian  painter,  published  a  treatise  on  thi« 
fossil  shells  and  other  remains  in  the  rocks  of  Calabria,  and 
made  some  beautiful  drawings  of  these  remains,  which  may 
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HOT  be  seen  in  the  Woodwardian  Museum  at  Cambridge. 
Heit  we  find  our  own  scientific  men — Hooke,  the  naturalist 
Ifay,  and  a  famous  geologist  Dr.  Woodward — speculating  why 
■iie  earth's  crust  is  made  up  of  different  layers,  one  above 
Moihet,  with  different  fossils  in  each ;  while  Ray  pointed 
"ut  ihat  a  flood  could  not  lay  the  fossil  remains  in  great 
beds  in  particular  places  as  they  are  found  ;  but  that  there 
's  every  proof  thai  the  animals  must  have  lived  there  for 
•^aoy  succeeding  generations.     Woodward  (1695)  also  made 
^   careful   collection   of  specimens   of  chalk,  gravel,  coal, 
'Barbie,  and  other  rocks,  together  with  the  fossils  which  he 
'ound  in  them ;  these  are  also  in  the  Cambridge  Museum. 
"Ut  all  these  men,  though  they  did  good  work,  still  held 
•fany  erroneous  notions  about  the  way  in  which  the  crust 
"jf  the  earth  had  been  formed 

The  first  geologists  who  gave  any  real  explanation  of  the 
'acts  were  Vallisneri  and  his  friend  Lazzaro  Moro,  an  Italian, 
"Om  at  Friuli  in  Lombardy,  in  1687.  Moro  pointed  out, 
**  Woodward  had  done  before  hira,  that  the  different  strata 
'■e  in  a  certain  order  one  above  the  other,  and  that  within 
*"eni  are  imprisoned  fossil  fishes,  shells,  corals,  and  plants, 
"*  all  countries,  and  at  all  heights  above  the  sea.  The 
'Ocks,  said  Moro,  writing  in  1740,  must  have  been  soft 
*hen  these  fossils  were  buried  in  them,  and  some  must  have 
*^cn  deposited  by  rivers,  because  they  contain  fresh*waier 
Animals  and  plants  ;  while  others  contain  only  marine  fossils, 
^Hd  must  have  been  laid  down  untler  the  sea.  It  is  clear, 
*hen,  that  they  must  all  have  been  formed  in  lakes  or  seas, 
*Bd  have  been  raised  up  by  earthquakes,  or  thrown  out  by 
Volcanoes,  such  as  we  see  taking  place  from  time  to  time  in 
the  world  now.  This  explanation,  though  rough,  was  true, 
ajid  Moro  deserves  to  be  remembered  as  one  of  the  first  men 
0  led  the  way  towards  a  true  study  of  the  earth.     After 
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him  there  followed  many  others,  whom  we  cannot  mentiora- 
here ;  but  the  next  whose  name  is  famous  was  the  greatf:^ 
Werner,  professor  of  mineralogy  at  Freybei^g  in  Saxony. 

Werner  csUb  attention  to  Gleology»  1776. — ^Abrahana. 
Werner,  the  son  of  an  inspector  of  mines  in  Silesia,  was^ 
bom  in  1750.     His  first  playthings  were  the  bright  minerals 
which  his  father's  workmen  gave  him,  so  that  he  knew  thens 
by  sight,  even  before  he  could  tell  their  names ;  and  as  he 
grew  up  he  seemed  to  care  for  nothing  but  mineralogy  and 
the  wonderful  facts  it  revealed  about  the  formation  of  the 
earth.     Freyberg,  when  he  first  began  to  lecture  there,  in 
1775,  ^^  o^^y  ^  small  school  for  miners;  but  it  was  not  long 
before  he  raised  it  to  the  rank  of  a  university,  so  great  was 
the  fame  of  his  lectures.     He  pointed  out  to  those  who  came 
to  learn  of  him,  that  the  study  of  the  rocks  was  something 
more  than  merely  searching  for  minerals;  and  that  the  cnist 
of  the  earth  was  full  of  wonderful  histories,  which  mig^t  be 
read  by  those  who  cared  to  take  the  trouble.     He  pointed 
out  how  some  formations  were  stratified,  that  is,  arranged  in 
layers,  and  contained  fossil  shells  and  other  organic  remains; 
while,  on  the  other  hand,  some  were  unstratified,  and  had 
no  fossils  in  them.     Some  rocks  were  bent,  as  in  Fig.  37  ; 


Fig.  37. 
Diagram  of  Bent  Rocks.    (Page.) 

Others  had  been  snapped  asunder  and  forced  one  up  and 
the  other  down,  as  in  Fig.  38  ;  and  he  bade  them  try  to  seek 
out  the  reason  of  these  bendings  and  breakings  of  the  earth's 
crust  He  reminded  them  also  that  mining  was  one  of  the 
great  roads  to  wealth,  and  that  even  the  history  of  nations 
often  depended  upon  the  kind  of  ground  which  they  had 
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unda  [heir  feeL     By  facts  such  as  these  he  opened  men's 

ey«  to  see  the  wonders  of  the  earth's  crust,  so  that  people 

LiMgu  to  talk  everywhere  of  the  geological  lectures  of  Werner, 


and  numbers  flocked  from  distant  countries,  and  even  learnt 
the  Gemian  language,  that  they  might  come  and  hear  him. 

In  this  way  he  spread  the  love  of  geology  all  over 
Europe.  He  was  so  eager  and  earnest  himself  that  his  pupils 
couid  not  fail  to  catch  some  of  his  enthusiasm,  and  to  try  to 
foUo*  out  his  ideas.  But,  unfortunately,  this  very  enthu- 
uum  led  him  to  insist  upon  a  theory  which  kept  back  bis 
&vourite  science  for  many  years. 

Keptunists  and  Vuloftnists.- — Werner  had  only  studied 
i  small  part  of  Germany,  and  there  were  then  very  few  de- 
soiiitions  of  other  parts  of  the  world  which  he  could  read ; 
wd  so,  from  want  of  knowledge,  he  formed  the  mistaken 
idea  that  in  olden  limes,  after  the  globe  had  cooled  down 
and  become  fit  for  living  beings,  there  were  no  volcanoes 
for  long  ages,  but  that  basalt  and  other  rocks,  which  we 
no«  know  were  made  by  volcanic  heat,  were  all  laid  down 
^1  water.  There  were  men  living  In  Werner's  time  who 
'Hew  that  this  w.is  a  wrong  theory,  but  he  would  not  listen 
'''  their  arguments,  and  the  two  parties  became  so  violent 
'^■"t  many  years  were  lost  in  angry  disputes  between  the 
-''•/ftwHjft,  or  those  who  thought  all  rocks  were  Said  down 
''y  vater,  and  the  Vukanists,  who  contended  that  many  rocks, 
""ch  u  basalt,  were  made  by  volcanic  heat 

*  Kirully  drawn  (oi  mc  by  Professor  Ramsay. 


2i8  EIGHTEENTH  CENTURY.  FT.  m. 

Hutton  teaches  that  it  is  by  the  Study  of  Ohangw 
going  on  now  that  we  can  alone  learn  the  History  of  tlie 
Past. — While  these  discussions  were  going  on  upon  the 
Continent,  a  Scotchman  was  setting  to  work  in  the  right 
way  to  settle  the  question.  This  man  was  Dr.  Hutton, 
one  of  the  greatest  geologists  that  has  ever  lived ;  and  the 
reason  of  his  greatness  was  the  same  which  we  have  found  at 
every  step  in  our  history  of  science.  Before  he  made  any 
theory  he  sought  out  ih^  facts.  He  travelled  and  observed 
for  himself,  he  collected  patiently  details  about  the  layers  or 
strata  in  the  formations  of  all  countries  through  which  he 
passed  ;  and  it  was  only  after  all  these  investigations  that  in 
1 7  88,  when  he  was  sixty  years  of  age,  he  wrote  his  famous 
'  Theory  of  the  Earth,*  in  which  he  showed  how  the  history 
of  the  earth's  crust  might  be  traced  out.  This  work,  al- 
though very  interesting,  was  not  much  read ;  but  one  of 
Hutton's  favourite  pupils,  the  celebrated  Dr.  Playfair,  wrote 
a  book  called  *  Illustrations  of  the  Huttonian  Theory,'  by 
means  of  which  Hutton's  opinions  became  well  knowTi. 

About  Hutton  himself  there  is  very  little  to  tell.  He  was 
bom  in  Edinburgh  in  1726,  studied  medicine,  and  took  his 
doctor's  degree  in  Leydcn  in  1749,  and  then  returned  to 
Edinburgh,  and  devoted  all  his  life  to  science.  Of  his 
teaching  I  should  like  to  write  a  great  deal,  but  we  must 
content  ourselves  with  a  little  which  can  be  easily  under- 
stood. His  great  principle  was  that  it  was  useless  to  try  and 
guess  how  the  rocks  had  been  made  and  fossils  buried  in 
them,  for  this  had  only  led  to  endless  confusion  and  dis- 
putes. Men  must  go,  he  said,  and  see  with  their  own  eyes 
how  different  strata  are  being  formed  now,  how  rivers  and 
glaciers  are  carrying  down  earth  and  stones  from  the  moun- 
tains into  the  sea,  and  how  volcanoes  are  tW)wing  out 
meJted  matter  which  cools  down  into  hard  rock ;  and  then 
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they  must  compare  these  with  the  older  rocks  in  the  crust 
of  the  earth,  and  see  whether  they  were  not  formed  in  the 
nine  nay. 

Aqaeona  (or  wat«r-made)  Books. — When  we  find  a 
pete  of  marble  naade  up  almost  entirely  of  oyster  and  other 
^ells,  and  of  pieces  of  coral,  we  cannot  doubt  that  it  must 
once  have  been  a  heap  of  loose  shells  and  corals  such  as  we 
now  see  on  the  shore  or  under  the  water,  and  that  it  has  since 
been  hardened  into  limestone.  When  we  find  that  by 
Outing  or  scraping  sandstone  we  can  turn  it  into  sand  like 
that  which  we  see  on  the  seashore,  and  which  we  know  has 
t«-en  made  by  the  sea  grinding  the  stones  and  rocks  of  the 
■tjch  against  each  other,  then  we  cannot  doubt  that  the 
■'I'idstone  has  once  been  loose  sand,  and  before  that  was 
[311  of  a  rock  which  has  been  ground  down  by  the  waves. 

And  so  we  are  led  to  the  conclusion  that  the  rocks  of 
■'iir  earth,  as  we  see  them  now,  have  been  formed  out  of  the 
tiiaterials  of  still  older  rocks  which  existed  before  them,  and 
^re  being  gradually  moulded  into  other  and  newer  rocks, 
"h'ch  will  exist  when  these  have  been  destroyed.  Our  solid 
■^Wh  is  being  wasted  every  day.  The  sides  of  the  moun- 
'■  ills  are  washed  down  and  their  materials  are  carried  through 
'lie  valleys  by  the  running  water.  In  this  way  the  soil  is 
tirought  down  to  the  coast,  and  here  it  is  eaten  away  by  the 
■avcs  of  the  sea,  and  falls  to  the  bottom  of  the  ocean,  out 
"f  which  it  will  be  raised  again  by  earthquakes,  volcanoes, 
wd  oilier  movements  of  the  earth's  crust,  such  as  can  be 
l^ved  to  be  going  on  in  parts  of  the  world  at  this  day.  As 
f^r  back  as  investigations  and  reasoning  can  go  we  find 
"*iywhere  signs  that  these  gradual  and  incessant  changes 
^t  alWays  been  going  on,  and  that  the  face  of  our  earth, 
M  we  now  see  it,  has  been  moulded  out  of  the  ruins  of  an 
older  world. 
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Igneous  (or  heat-made)  Books. — But  how  are  we  to 
decide  about  those  rocks,  such  as  basalt,  which  Werner 
thought  were  made  by  water?  Hutton  was  convinced  they 
were  formed  in  volcanoes ;  and  yet  it  was  true  that  they  did 
not  contain  bubbles  of  air  as  lava  does,  which  has  poured 
down  the  sides  of  a  volcano  in  the  open  air.  Here  his 
friend  and  pupil  Sir  James  Hall  came  to  his  assistance  by 
melting  pieces  of  rock  in  his  chemical  laboratory,  and  letting 
them  cool  down  under  very  heavy  pressure.  When  this  was 
done  they  could  hardly  be  distinguished  from  pieces  of 
basalt  which  he  took  out  of  the  earth  It  is  clear,  there- 
fore, he  said,  that  these  rocks  have  either  cooled  down  in- 
side the  volcano,  with  a  great  weight  of  rocks  above  them, 
or  have  been  poured  out  under  the  sea,  which  would  press 
down  heavily  upon  them  and  shut  out  the  air. 

Another  question  which  Hutton  cleared  up  in  the  same 
way  was  that  of  the  formation  of  granite.  Werner  believed 
that  all  the  granite  rocks,  of  which  you  may  see  plenty  in 
different  parts  of  the  world,  were  made  first,  before  any  other 
rocks  were  laid  down  by  water.  Hutton  did  not  think  this 
was  true,  but  that,  on  the  contrary,  granite  might  be  even 
now  forming  deep  down  within  the  crust  of  the  earth.  But 
how  was  he  to  prove  this  ?  He  said  to  himself,  *  If  melted 
granite  forms  under  the  softer  strata  which  have  been  laid 
down  by  water,  it  ought  occasionally  to  obtrude  itself  into 
them  in  narrow  wedges  when  it  is  expanded  by  heat,  and  I 
shall  be  able  somewhere  to  find  veins  of  granite  piercing  the 
rocks  above.' 

To  prove  whether  this  was  so  he  made  a  journey  to  the 
Grampians,  where  there  are  large  masses  of  granite ;  and 
there,  in  Glen  Tilt,  he  found  the  veins  of  red  granite  branch- 
ing  out  into  the  clay-slate  and  limestone  rocks  above,  as 
in  Fig.  39.     It  is  easy  in  this  diagram  to  see  that  tiie 
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■  iniei-nt3.de  layers,  a  b,  must  hive  been  there  before  the 

rgnnile  was  melted,  otherwise  it  could  not  have  sent  the 

gling  veins,  c  c,  up  into  them.     And  so  he  convinced 

himself  that  some  granites  are  newer  than  the  aqueous  rocks 
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•hich  lie  above  them.  Il  is  said  that  he  was  so  delighted 
11  finding  this  proof  that  the  guides  who  were  with  him 
thought  he  had  discovered  a  vein  of  gold. 

This  is  one  out  of  many  examples  of  the  way  in  which 
Huuon  worked  and  corrected  the  mistakes  which  had 
spnii^  up  in  the  German  school  of  geology.  Werner  had 
fiiighl  his  pupils  that  there  was  really  something  to  be  learnt 
ffom  the  study  of  the  rocks ;  that  they  could  be  made  to 
'til  real  histories  of  the  past  and  help  men  to  get  wealth  for 
the  future,  and  thus  he  persuaded  them  to  give  time  and 
ihoughl  to  this  work.  Hutton  showed  that  to  carry  on  this 
fliidy  rightly  they  must  open  their  eyes  to  all  that  is  going 
"1  now,  and  that  the  only  way  to  read  the  history  of  the 
pisi  il  to  compare  it  with  the  present 

William  Smith  Burrays  the  Books  of  England. — 

Meanwhile  another  man,  whom  we  must  not  forget  to  men- 

I     tion,  was  working  away  very  quietly  without  any  help,  and 

Wfif^  very  little  money ;  and  yet  in  his  way  was  doing  at  least 
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as  much  work  as  the  others.  This  was  William  Smith,  a 
plain  English  surveyor,  who  was  so  much  struck  with  the 
arrangement  of  the  different  formations  in  the  hills  among 
which  he  travelled  that  he  determined  to  try  and  map  them 
out  so  as  to  show  exactly  how  the  strata  are  placed  one 
above  the  other,  and  what  counties  they  pass  through. 

He  began  his  work  in  1 790,  and  travelled  over  the  whole 
country,  chiefly  on  foot,  marking  as  he  went  all  the  different 
positions  of  the  rocks,  and  collecting  the  shells  and  other 
fossils  which  he  found  in  them.  He  had  not  gone  on  long 
before  he  observed  that  certain  fossils  which  appeared  in  the 
lower  beds  disappeared  when  he  reached  those  which  lay 
above  them,  and  that  others  took  their  place ;  so  that  in 
this  way  it  was  possible  to  use  the  fossils  to  trace  out  the  age 
of  any  particular  rock,  just  as  the  face  of  a  coin  helps  you  to 
tell  the  reign  in  which  it  was  cast ;  and  the  story  told  by 
the  fossils  agreed  very  well  with  the  divisions  which  he  had 
worked  out  by  the  position  of  the  rocks  above  each  other. 
He  was  even  so  observant  that  he  distinguished  bet^-een 
the  fossils  which  had  their  edges  fresh,  showing  that  they 
had  not  been  disturbed  since  they  were  buried  in  the  earth, 
and  those  which  were  rubbed  and  water-worn.  The  fresh 
ones  only,  he  said,  are  of  use  to  tell  the  age  of  a  rock,  for 
those  which  are  rubbed  may  have  been  washed  out  of  some 
older  formation  by  rivers. 

In  this  way  William  Smith,  for  pure  love  of  science,  and 
without  any  hope  of  gain,  travelled  over  the  whole  of  Eng- 
land and  Wales,  mapping  out  the  rocks  and  noticing  all 
their  peculiarities.  In  1799  he  published  a  list  or  tabular 
view  of  the  formations  with  their  fossils,  and  the  places 
where  they  might  be  seen  in  the  hills ;  and  in  1 8 1 5  he  at 
last  succeeded  in  completing  a  geological  map  of  Engkmd, 
which  has  ever  since  formed  the  foundation  of  our  British 
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geok^,  and  which  remains  a  lasting  monument  of  what  one 
man  may  accomplish  by  patience  and  indefatigable  industry. 
Wniiam  Smith  fairly  earned  the  title  of  the  *  Father  of  Eng- 
lish Geologists,'  which  has  ever  since  been  given  him,  and, 
with  Werner  and  Hutton,  deserves  to  be  remembered  as  one 
of  the  founders  of  the  science  of  geology. 


Chirf  Works  consulted,^l.yt\Vs  'Principles  of  Geology;*  LyeU's 
'Student's  Elements  of  Geology;*  Page's  'Advanced  Text- Book  of 
Gedqgy;*  Hntton's  'Theory  of  the  Earth  ;'  Fitton's  'Notes  on  Pro- 
gress of  Geology  in  England;'  'Life  of  Werner* — 'Naturalists*  Library,' 
vol  xxxix. 
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CHAPTER  XXVII. 

SCIENCE  OF  THE  EIGHTEENTH  CENTURY  (CONTINUED). 

Birth  of  Modem  Chemistry — Black — Bergmann — Cavendish — ^Prieitky 
— Scheele — Rutherford — Lavoisier — French  School  of 


During  the  last  half  of  the  eighteenth  century,  while  Hunter 
and  Linnaeus  were  adding  to  our  knowledge  of  living  beings 
and  Werner  and  Hutton  were  reading  the  history  of  the 
crust  of  the  earth,  a  little  group  of  men  in  England,  France, 
and  Sweden  were  making  discoveries  which  entirely  altered 
the  science  of  chemistry.  These  men  were  Bergmann  and 
Scheele  in  Sweden ;  Black,  Cavendish,  and  Priestley  in  Eng- 
land ;  and  Lavoisier  in  France. 

In  order  to  understand  what  their  discoveries  were,  and 
what  they  taught  us,  it  is  necessary  to  bear  in  mind  that  up 
to  this  time  chemists  had  believed  air  and  water  to  be  ele- 
ments or  simple  substances  which  could  not  be  decomposed 
or  split  up  into  any  other  kind  of  matter,  Mayow,  indeed, 
had  shown  that  the  atmosphere  could  be  separated  into  two 
gases,  but  his  experiments  had  been  passed  over  and  for- 
gotten ;  and  though  Dr.  Hales,  at  the  beginning  of  the 
eighteenth  century,  had  collected  several  gases,  he  had  not 
distinguished  them  from  air.  The  fact  was  that  Stahrs 
^  phlogiston,'  which  was  supposed  to  be  a  substance  passing 
out  of  burning  and  breathing  bodies  into  the  air,  was  a  con- 
stant source  of  confusion,  and  led  men  away  from  the  tnitk 
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But  the  time  had  now  come  when  these  misty  ideas  were 
lo  be  dispeiied,  by  the  discovery  of  tlie  four  gases — carbonic 
icid.  hydrogen,  ox)'gen,  and  nitrogen. 

BiBcovery  of  'Fixed  Air,'  or  Carbonic  Aoid,  by 
Black,  1768,  —  The  firet  step  was  made  by  a  Scotch 
pli)-siciaa  named  Black,  who  was  bom  of  Irish  and  Scotch 
l>atents  at  Bordeaux  in  1728,  and  became  Professor  of 
Chemislry  at  Glasgow  in  1756.  Here  he  made  many 
valuable  experiments,  and  among  other  things  he  was  very 
Mnious  to  find  out  why  limestone  ahogether  changes  its 
diaracter  when  it  is  burnt.  If  you  take  a  piece  of  ordinary 
limestone  or  chalk,  and  put  it  in  water,  it  will  remain  with- 
ou!  any  change  unless  you  add  a  little  acid  to  the  water, 
Jud  then  the  limestone  will  effervesce,  and  bubbles  will 
Itegin  to  rise  up  from  it  But  if  you  lake  a  piece  of  the 
same  limestone  and  bum  it  in  a  fire,  it  turns  into  a  powder 
called  ijiiick-limf,  svhich  will  no  longer  give  out  bubbles 
•hen  you  pour  acid  upon  it,  but  directly  you  mix  it  with 
"iler  it  will  swell  up  and  become  intensely  hot,  as  may  be 
»e^n  when  brickiayere  are  making  mortar  by  the  roadside. 
This  complete  change  in  the  limestone,  caused  by  merely 
heating  it,  had  been  a  great  problem  to  chemists ;  and  Dr. 
Bl«k  was  still  more  puzzled  by  finding  that  the  lime  was 
IJghler  after  it  had  been  burnt,  although  he  could  not 
discover  that  it  had  lost  anything  except  a  little  water, 
■hich  was  not  enough  to  account  for  the  loss  of  weight. 

At  last  he  remembered  that  Dr.  Hales  had  driven  air  out 
"f  substances,  and  collected  it  in  bottles  ;  and  he  began  to 
consider  whether  the  heat  of  burning  might  not  have  driven 
^tne  heavy  kind  of  air  out  of  the  limestone,  and  so  made  it 
%liler.  To  prove  this  he  made  the  experiment  which  has 
smcc  been  always  used  for  making  small  quantities  of  car- 
bonic acid  gas.      He  put  some  pieces  of  limestone  in  the 
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bottle,  a.  Fig.  40,  and  poured  upon  them  some  water  and 
some  add  He  then  stopped  the  bottle  with  a  tight  coik, 
and  joined  it  by  the  tube  ^  to  a  large  glass  jar,  c,  filled  widi 
water,  and  standing  with  its  open  end  downwardi  in  a 
vessel  of  water.     Immediately  bubbles  began  to  rise  ftom 


the  limestone,  and  passing  into  the  jar,  e,  drove  out  the 
water  and  filled  the  jar  with  gas. 

This  gas  Black  called  '  fixed  air,'  because  it  had  been 
fixed  in  the  limestone  before  it  was  driveo  out  by  tiie 
acid.  He  collected  and  weighed  it,  and  found  that  it  txe^ 
made  up  the  weight  which  the  limestone  had  lost.  He  then 
reversed  the  experiment,  and  taking  some  water,  which  had 
hme  dissolved  in  it,  he  passed  some  '  fixed  air '  into  it,  and, 
as  he  expected,  the  gas  joined  itself  to  the  lime  and  formed 
a  powdered  white  chalk  at  the  bottom  of  the  bottle.  By 
these  two  experiments  he  proved  that  limestone  and  chalk 
are  composed  of  lime  and  '  fixed  air,'  and  that  Ume  am  be 
turned  into  chalk  by  making  fixed  air  to  combine  with  it 

He  then  proceeded  to  examine  the  gas  itself  He  found 
that  animals  died  in  it,  and  that  a  flame  would  not  bum  io 
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'^  aod  also  that  it  was  the  sanie  gas  as  that  which  bubbles 
out  of  beer  and  other  liquids  when  they  ferment,  and  often 
""t  of  mineral  springs.  He  also  proved  that  there  is 'fixed 
^^  *  in  our  breath.  This  he  showed  by  breathing  into  a 
Stiss  of  lime-water,  and  thus  forming  powdered  chalk, 
"fuch  fell  to  the  bottom  of  the  glass. 

j^U  this  Black  discovered  about  '  carbonic  acid,'  which 
■5  sometiraes  called  '  fixed  air '  even  now,  when  people  speak 
of  it  in  effervescing  drinks.  He  did  not  know  that  it  is  an 
■icid ;  this  discovery  was  made  by  Bergmann  of  Sweden,  of 
"^lom  we  must  now  speak. 

Bergmaun  showa  that  Fixed  Air  is  an  Acid— Works 
oat  the '  Chemical  Affipity '  of  man;  substancee. — Tor- 
liem  Bergmann,  who  was  born  in  1735  in  West  Gothland, 
«"as  the  son  of  a  tax-collector,  and  he  had  the  greatest  dilR- 
'Olly  in  getting  permission  to  study  science.  His  parents  had 
Wended  him  for  the  law  or  the  church,  and  it  was  not  until 
his  scientific  books  had  been  burnt,  and  he  had  fallen  ill 
with  disappointment,  that  they  saw  it  was  useless  to  oppose 
iuin,  and  he  was  allowed  to  lake  his  own  course.  From 
iHai  time  he  was  happy ;  he  put  himself  under  the  great 
linnsus,  and  in  1761  became  Professor  of  Natural  Philo- 
sophy at  Upsala,and  afterwards  of  Chemistry  at  Stockholm. 
Be^niann  made  a  great  advance  in  chemistry  by  working 
U  the  *chanuai  affinity'  of  many  substances,  and  showing 
*  to  make  use  of  it  to  test  or  try  mineral  waters. 
Nearly  a  hundred  years  before  Bergmann  began  to  study 
thcmistrj',  Ne«lon,  when  writing  on  attraction,  had  pointed 

tout  that  when  substances  are  mixed  together  some  kinds 
Wraci  each  other  very  strongly  and  join  together,  making 
lot  compound  substance.  For  instance,  he  said,  if  you 
Nt  copper  into  nitric  acid  the  copper  will  dissolve  and  dis- 
llfiear;  but  if  you  plunge  a  piece  of  iron  into  the  liquid  the 
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copper  will  re-appear  and  fal!  to  the  bottom  of  the  glass, 
because  the  iron  attracts  the  nitric  acid  more  strongly  than 
the  copper  does,  and  so  it  takes  it  up  out  of  the  liquid, 
setting  the  copper  free. 

Chemists  had  till  now  neglected  this  observation  of 
Newton's,  but  Bergmann  followed  it  out,  and  by  a  number 
of  experiments  he  drew  up  a.  table  of  those  substances 
which  seemed  to  have  the  greatest  affinity  for  each  other, 
and  which  would  unite  whenever  the  conditions  would  allow 
tliem.     This  he  called  a  table  of  '  flrc/ive  affinitits. ' 

It  is  easy  to  see  how  this  could  be  used  for  testing  or 
trying  what  substances  lie  hidden  in  mineral  waters.  Iron, 
for  instance,  in  the  case  given  by  Newton,  would  show  when 
copper  was  dissolved  in  a  liquid  containing  nitric  acid. 
Boyle,  too,  had  shown  that  a  blue  liquid  extracted  firom  the 
lichen  called  litmus  turns  to  a  bright  red  directly  it  touches 
an  acid ;  so  that  blue  litmus  is  a  sure  test  of  an  acid.  Again, 
common  salt  put  into  a  clear  liquid  containing  silver,  turns 
it  cloudy ;  while  tincture  of  gall-nuts  makes  a  purple  cloud 
in  a  solution  containing  iron.  Bergmann  worked  out  a 
number  of  these  tests,  and  by  means  of  them  analysed  or 
separated  out  the  substances  contained  in  mineral  waten ; 
he  even  dissolved  solid  minerals  in  acids  and  tested  them  in 
the  same  way. 

One  of  the  first  uses  that  he  made  of  his  tests  was  lo  try 
Black's  '  fixed  air.'  When  he  heard  of  this  gas  he  suspected 
that  it  must  be  an  add,  because  it  joined  itself  to  lime, 
which  is  an  alkali,  that  is,  a  substance  in  all  rest)ects  unlike 
an  acid ;  and  he  had  found  that  unlike  substances  nearly- 
always  attract  each  other  most  strongly.  So  he  mad^ 
some  '  fixed  air '  and  tested  it  with  blue  litmus,  and,  as  the 
litmus  turned  red  directly,  he  knew  that  he  was  right  in 
supposing  it  to  be  an  acid,  and  he  caUed  it  'aerial  acid,'  or 
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acid  air.  He  then  weighed  it  and  proved  that  it  was  bulk 
for  bulk  heavier  than  common  air,  and  by  passing  it  through 
water  he  showed  that  a  quantity  of  it  would  dissolve. 

Thus  these  two  men,  Black  and  Bergniann,  had  arrived 
at  a  pretty  good  knowledge  of  this  gas.  They  had  proved 
that  it  is  an  invisible  heavy  kind  of  air;  that  it  dissolves  in 
water ;  that  it  is  acid  and  joins  itself  to  hme,  forming  lime- 
stone or  chalk ;  that  it  destroys  life  when  breathed,  and 
puts  out  a  flame  ;  that  it  is  given  out  by  fermenting  liquids, 
and  from  mineral  springs,  and  is  contained  in  our  breath. 
One  thing  they  had  not  found  out,  namely,  that  it  is  made 

Kof  two  elements ;  this  was  discovered  by  Lavoisier  in 
9  {see  p.  237),  when  he  gave  it  the  name  of  'carbonic 

Discovery  of  Hydrogen  by  Cavendish,  1766. — The 
next  gas  discovered  was  hydrogen,  and  its  discoverer  was 
Henry  Cavendish,  grandson  of  the  Duke  of  Devonshire,  who 
was  bom  in  1 73 1.  Cavendish  was  a  very  shy  and  reserved 
iitan,  who  lived  much  alone,  and  found  his  greatest  pleasure 
in  studying  science  for  its  own  sake.  It  is  even  related  of 
Um  that  he  taught  all  his  servants  to  understand  by  signs 
iriiat  he  wanted  in  order  tliat  he  might  be  able  to  think 
without  interruption. 

In  the  year  1766  he  read  a  paper  before  the  Royal 
society  u|>on  a  gas  which  he  called  '  inflammable  air,' 
because  it  burst  into  a  flame  whenever  a  light  was  brought 
ttear  it,  and  also  because  he  believed  it  to  be  the  cause  of 
Ac  explosions  which  so  of^cn  take  place  in  mines.  He 
obtained  this  gas  by  pouring  sulphuric  acid  and  water  upon 
rinc,  iron,  or  tin,  and  then  collecting  the  bubbles  as  Black 
had  done  (see  Fig.  40,  page  326).  Hut  when  he  began  to 
nake  experiments  with  this  gas  he  found  it  very  different 
ftom  Black's  '  fixed  air.'     It  is  true  that  a  candle  would  not 


bum,  nor  could  animitls  live  in  it ;  but  when  a  light 
brought  near  it,  it  took  fire  and  burnt  with  a  pale  blue  flamf 
inside  the  bottle.  Then,  instead  of  being  heavy  like  '  fixed 
air,'  it  was  lighter  than  the  atmosphere,  and  for  this  reason 
it  was  soon  used  for  filling  balloons.  It  had  also  another 
remarkable  peculiarity,  that,  when  mixed  with  air  in  a  bottle, 
it  exploded  with  a  loud  noise  directly  a  light  was  brought 
near  it,  leaving  drops  of  moisture  inside  the  bottle.  Caven- 
dish did  not  understand  the  cause  of  this  explosion  at  first, 
but  in  1 7  84  (after  Priestley  had  discovered  oxygen)  he  mixed 
pure  oxygen  and  hydrogen  in  a  closed  vessel,  and  lighted 
them  by  an  electric  spark,  and  then  he  made  the  great  dis- 
covery that  these  two  gases,  when  lighted,  combine  together 
and  form  icaUr,  which  is  therefore  a  compound  substance 
made  of  o\ygen  and  hydrogen. 

Oxygen  discovered  by  Priestley  In  1774,  and  by 
Soheele  in  1775.— The  next  gas  discovered  was  ox^en, 
the  most  common  and  the  most  useful  of  all  tlie  substances 
in  our  globe.  It  was  discovered  independently  by  two  men 
— Priestley,  a  dissenting  minister  at  Leeds,  and  Scheele 
(bom  174a),  a  small  aijothecary  at  Kjoping,  a  little  vill^e 
in  Sweden. 

There  is  no  doubt  that  Scheele  deserves  as  much  credit 
for  this  discovery  as  if  Priestley  had  never  made  il,  for  he  had 
not  heard  of  his  experiments,  and  he  added  many  useful 
facts  which  Priestley  did  not  know.  Still,  as  they  both  went 
over  much  the  same  ground,  we  cannot  afford  space  here  to 
give  Sclieele's  experiments.  You  must  not,  however,  forget 
his  claim,  for  though  the  world  often  forgot  him  because  he 
remained  a  poor  apothecary  all  his  life,  yet  Scheele  wb&- 
really  one  of  the  first  chemists  of  Europe.  We  owe  to  hillk- 
the  discovery  of  chlorine ;  and  of  manganese,  barytes,  fluor- 
spar, and  many  other  substances  whose  names  I  canno* 


Mpect  you  to  know.  Indeed,  his  merit  was  so  great  that 
Bergmmn,  his  friend  and  patron,  once  said,  '  The  greatest 
diKOvery  he  ever  made  was  when  he  discovered  Scheele.' 

Joseph  Priestley,  the  discoverer  of  oxygen,  was  born  in 
1733.    The  greater  part  of  his  life  was  spent  in  writing  upon 
leligious  subjects,  and  it  was  only  in  his  leisure  hours  that 
he  studied  chemistry.     He  telis  us  in  his  autobiography  that 
he  fiist  began  to  take  an  interest  in  such  things  in  conse- 
quence of  visiting  a  brewery  next  door  to  his  house  and 
•ratcbing  the  fixed  air  which  rose  from  the  beer-vats.      His 
first  chemical  experiment  of  any  value  was  to  force  this  'fixed 
aii'into  pure  water,  thus  making  an  effervescing  drink,  much 
the  same  as  the  soda-water  we  drink  now.     He  next  tried 
*ha  effect  growing  plants  have  upon  au',  and  by  keeping  a 
pol  of  mint  under  a  bell-jar  in  which  the  air  had  been  spoilt 
^  burning  or  breathing,  he  proved  that  plants  take  up  the 
^  air  and  render  the  remainder  fit  again  to  support  a 
fi*We  or  life.     He  did  not,  however,  yet  know  why  this  took 
Pl*ce-    He  also  invented  a  number  of  troughs  and  other 
'Waraius  for  collecting  and   washing   gases,  and  amused 
himself  as  Hales  had  done  in  driving  gas  out  of  different 
wbstances. 
And  thus  it  happened  that  one  day,  August  1,  1774,  he 
^E^e  an  experiment  which  led  to  a  great  discovery.     He 
^B^k  a  red  powder  called  mercuric  oxide,  which  he  knew 
^P*t^ned  mercury  and  something  else  besides,  and  he  put 
*'«*to  the  bulb,  a.  Fig.  41  ;  the  rest  of  the  tube  he  filled 
*"H    mercury,   and    passed    it   into  the    basin   b,  and  up 
'"to  ihe  jar  c,  both  b  and  c  being  also  filled  with  mercury, 
^   next  look  a  powerful  burning-glass,  li,  and  brought  the 
'*Xs  of  the  sun  to  a  focus  upon  the  red  powder.     As  soon 
tJie  powder  became  very  hot  a  gas  rose  out  of  it  and 
Batted  along  the  lube  into  the  jar,  c,  driving  out  the  mer- 
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he  had  only  proved  that  red  mercuric  oxide  is  made  up  of 
mercury  and  a  gas. 

When  he  had  collected  enough  gas  to  experiment  upon 
he  passed  some  of  it  through  water,  and  found  that  it  did  not 
dissolve  as  '  Tixed  air '  does ;  but  wliat  surprised  him  still 
more  was  that  a  candle  put  into  it  burnt  with  a  targe 
vigorous  flame,  and  a  piece  of  red-hot  charcoal  burnt 
in  it  furiously.  It  was  clear,  then,  that  this  could  not 
be  either  'fixed  air'  or  'inflammable  air,'  for  neither 
of  these  would  feed  a  flame.  He  next  put  two  mice  into 
some  of  the  gas,  and  he  found  that  they  lived  much, 
longer  than  in  ordinary  air.  When  he  breathed  it  also  int<^ 
his  own  chest  he  felt  singularly  light  and  easy  for  some  tim^ 
afterwards.  '  Who  can  tell,'  he  writes,  '  whether  this  pur^ 
air  may  not  at  last  become  a  fashionable  luxuiy?  As  yeS 
only  two  mice  and  myself  have  had  the  privilege  of  brcatl*- 
ing  iL' 
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Here^  you  see,  we  have  come  back  again  to  MayoVs 
fin-air,  so  long  forgotten,  which  supports  life  and  flame. 
Priestley  had  leamt  more  about  it  than  Mayow  had,  for  he 
'"-iii  collected  it  separately,  had  showed  that  it  is  the  gas 
"liich  supports  combustion,  and  had  breathed  it  without 
other  air  being  mixed  with  it ;  moreover,  he  had  shown  thai 
"  could  be  driven  out  of  metallic  compounds,  for  mercury 
■5  a  metal.  Yet  it  is  disappointing  to  leam  that,  in  spite 
"f  having  gone  thus  far,  Priestley  was  so  imbued  with  Stahl'.s 
■iieory  of  '  phlogiston,'  that  he  did  not  really  understand 
the  great  discoveiy  he  had  made,  but  called  his  gas 
'■icphlogisticated  air,'  or  air  which  had  lost  that  imaginary 
'phlogiston'  which  was  always  confusing  men's  minds. 

There  is  no  doubt  that  he  discovered  the  gas  and  showed 
'^X  it  was  the  chief  actor  in  combustion  and  respiration, 
"Od  for  this  discovery  and  that  of  other  gases,  he  was 
elected  a  member  both  of  the  Royal  Society  and  of  the 
Academic  des  Sciences,  and  his  fame  was  great  all  over 
Europe ;  yet  still  he  had  not  hit  upon  the  entire  truth — 
he  had  given  the  facts,  and  it  remained  for  l.avoisier  to 
fead  the  riddle. 

Besides  his  chemical  writings,  Priestley  published  many 
wob  on  theology,  and  though  he  was  a  singularly  gentle 
luiet  man,  yel  his  religious  and  political  essays  were  often 
vety  severe,  and  they  led  to  his  being  driven  out  of  Bir- 
mingham, and  his  house  burnt  by  the  mob,  when  they 
attacked  the  leading  Dissenters  during  the  [>anic  caused  by 
**!«  French  Revolution,  After  living  for  some  time  near 
l^ndon  he  emigrated  to  America,  where  he  died  in  1804. 
'^l*  continued  his  chemical  experiments  up  to  the  time  of 
hij  death,  and  made  many  important  discoveries,  but  the 
'^'Cf  discovery  which  will  always  be  connected  with  his 
•^"iie  was  that  qK oxygen,  in  1774. 
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Properties  of  Kitrogen  determined  by  Dr.  Bnilier- 
ford  in  1772. — ^There  now  remains  to  be  mentioned  only 
one  of  the  four  gases  spoken  of  at  page  225,  namely,  niir^aL 
This  gas  was  first  properly  described  by  Dr.  Rutherford  in 
1772,  but  there  is  very  little  to  be  said  of  it  except  that  it 
has  scarcely  any  of  those  properties  which  belong  to  the 
other  gases.  It  does  not  support  life  or  flame  like  oxygen; 
it  does  not  make  lime-water  cloudy  as  carbonic  add  does^ 
nor  does  it  bum  like  hydrogen.  In  fact,  it  is  a  dull  sleepy 
gas,  which  remains  after  oxygen  has  been  taken  out  of  the 
air. 

Iiav  oisier  lays  the  Foundation  of  Modem  Chemistry, 
1778. — The  determination  of  nitrogen  completes  the  histoiy 
of  the  discovery  of  those  gases  which  play  the  chief  port 
in  combustion,  respiration,  and  the  maintenance  of  animal 
and  vegetable  life.  But  you  will  have  noticed  that  we 
have  not  yet  arrived  at  the  new  explanation  of  chemical 
changes  which  was  to  take  the  place  of  'phlogistoa' 
The  fact  is  that  Bergmann,  Cavendish,  Scheele,  and 
Priestley,  were  all  so  cramped  by  the  old  theory,  that 
though  they  discovered  the  facts  they  could  not  make  the 
right  use  of  them.  Black  had,  indeed,  proved  that  fixed 
air  would  combine  with  lime  (see  p.  227),  but  he  did  not 
work  out  any  theory  of  combustion  from  this  discovery. 
The  man  who  did  this,  and  who  laid  the  foundation  of 
modem  chemistry,  was  the  celebrated  French  chemist, 
Lavoisier.^ 

^  This  statement  having  been  questioned  by  one  of  the  reviewers  of 
the  first  edition  of  this  book,  it  may  be  well  to  quote  the  words  of  Dr. 
Crum- Brown,  upon  whose  advocacy  of  Black's  claims  to  precedence 
the  objection  was  founded.  After  stating  how  Black  '  was  the  first  to 
point  out  the  new  path,*  Dr.  Brown  continues,  '  We  would  be  imgnte- 
fai  if  we  undervalued  the  services  of  the  French  chemist     The  &cts 
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Anioine  Laurent  Lavoisier  was  bora  in  Paris  in  1743. 
His  fuher,  who  was  a  wealthy  merchant,  gave  him  a 
spleadid  education,  and  when  he  was  still  quite  young  the 
new  discoveries  which  were  being  made  in  chemistry  tempted 
him  lo  learn  that  science.  At  twenty-one  years  of  age  he 
received  a  gold  medal  from  the  Acaddmie  des  Sciences  for 
a  veij  elaborate  and  learned  essay  on  the  best  way  of  hght- 
ing  the  streeU  of  Paris.  At  five-and-twenty  he  was  elected 
3  memher  of  the  Academic,  and  from  that  time  he  deter- 
Djincd  lo  devote  his  life  to  chemistry, 

As  early  as  1770  Lavoisier  had  begun  to  suspect  that 
llie  famous  theory  of  phlogiston  was  false.  His  chief  reason 
for  thinking  this  was  that  he  found,  as  Geber  had  done  more 
than  900  years  before  (see  p.  44),  that  when  metals  are 
teled  so  that  they  turn  into  powder,  the  powder  weighs 
niore  than  the  original  metal  did  before  it  was  heated. 
-Moreover,  he  also  found  that  the  air  which  remained  behind 
in  tlie  vessel  in  which  the  metal  had  been  heated  had  lost 
f^ily  as  much  weight  m  the  melal  had  gained.  So  it  seemed 
lu  him  clear  that  the  metal  must  have  taken  somethJng^iJ** 
the  air  instead  of  giving  anything  to  it 

For  eight  years  Lavoisier  worked  incessantly  at  this 
problem.  He  heated  many  metals,  such  as  iron,  lead,  tin, 
tic,  and  other  substances  such  as  sulphur  and  phosphorus, 
md  in  every  case,  if  he  collected  all  that  remained,  he  found 
ii  heavier  than  before.  But  there  was  one  point  in  which  he 
'^''uM  not  succeed  ;  he  could  not  make  the  metals  give  back 
^lia  what  they  had  taken  from  the  air,  so  that  he  might 
^umine  it  At  last,  in  1778,  it  occurred  to  him  that 
I'ritsUey  had  separated  mercuric  oxide  into  two  substances  ; 

'■"tWCTtd  by  Priatley,  Scheelc,  and  Cavendish,  were  merely  the  faw 
''■'toitl  oB[  of  which  LavoUier  coasuuctnl  a  consilient  and  compTcben- 
"'c  llic(>ty.'     Inauguial  Lecluic,  Edinburgh,  1S69. 
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namely,  the  metal  mercury  and  a  gas.  Here,  then,  was  just 
the  step  he  wanted.  If  he  could  first  make  mercuric  oxide 
by  heating  mercury  in  the  air,  and  then  afterwards  separate 
it  back  again  into  mercury  and  a  gas,  he  would  thus  prove 
what  it  had  taken  out  of  the  air.  He  therefore  took  some 
mercury  and  put  it  into  a  tube  a.  Fig,  42,  which  was  connected 


with  a  bell-jar  c,  containing  air  and  standing  over  metcui^ 
Then  he  heated  the  bulb  A  over  the  stove  D,  and  kept 
mercury  boiling  for  twelve  days. 

During  the  first  five  days  little  by  Utile  red  specks 
to  appear  on  the  top  of  the  mercury  in  c,  that  is,  merciari' 
oxide  was  formed  ;  but  after  that  time,  when  about  one-fil 
of  the  air  in  the  bell-jar,  c,  had  disappeared  and  mercu 
risen  in  its  place,  no  further  change  took  place.  He  th*n 
hftcd  off  the  bell-jar  and  took  45  grains  of  this  red  powder 
and  made  Priestley's  experiment  with  it  (see  p.  233),  anJ 
he  obtained,  of  course,  ihe  gas  which  Priestley  had  called 
'  dephlogisticated  air,'  He  afterwards  found  by  more  exact 
experiments  that  the  amount  of  this  gas  contained  in  ihe 
mercuric  oxide  exactly  equalled  the  amount  lost  by  the 
in  which  the  mercury  had  been  heated. 
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Now  see  what  Lavoisier  had  done :  he  had  proved  that 
tbe  reason  why  air  shrinks  when  substances  are  burnt  in  it, 
ii  because  the  substances  lake  up  a  gas  out  of  the  air,  and  he 
hij  also  shown  that  this  gas  is  the  same  as  that  which 
Priestley  discovered.  Now,  at  last,  the  false  theory  was 
destroyed,  and  the  starting-point  of  a  true  theory  was  found. 
The  imaginaiy  phlogiston,  which  had  been  supposed  to  load 
ihe  air  when  anything  was  burnt  in  il,  was  proved  never  to 
lisre  had  any  existence  j  for  it  was  clear  tliat  just  the 
opposite  effect  takes  place.  All  burning  and  breathing  and 
tie  change  In  metals  is  caused  by  a  gas  being  taken  up  out 
'f  lie  air  and  Joined  to  other  substances.  Lavoisier  called 
lliisgasoxxfiw  (from  cigw,  acid  ;  yti-vaui,  1  produce),  because 
he  found  that  most  substances  were  acid  after  they  had 
'•eco  united  with  iL  This,  too,  led  him  to  suspect  that  as 
'  tacd  air '  was  an  acid,  and  could  be  made  by  burning  char- 
'  nal,  it  must  be  composed  of  oxygen  and  carboa     So  he 

Itiurnt  small  quantities  of  cliarcoal  in  pure  oxygen,  and  by 
•oalysing  the  '  fised  air'  produced  proved  that  100  parts  by 
■eight  of  this  gas  contained  72  parts  of  oxygen  and  aS  of 
^'bon.  For  this  reason  he  called  it  'carbonic  acid,'  a 
■'aine  which  it  still  bears.  By  burning  a  diamond  in  oxygen 
-Id  producing  carbonic  acid,  he  also  proved  that  a  diamond 
'^  pure  carbon. 

Lavoisier  had  very  great  difficulty  in  persuading  the 
*ther  leading  chemists  that  they  had  been  labouring  under 
3  false  idea,  and  that  substances  when  burning  do  not  put 
Something  into  the  atmosphere  but  lake  a  gas  out  of  it.  Dr. 
oUck  was  one  of  the  first  to  teach  the  new  theory, 
*s  was  natural,  since  he  had  led  the  way  to  it  by  the 
enpeiimenis  he  had  made  with  '  fixed  air,'  but  Priestley 
died  without  giving  up  his  old  opinions.  The  younger 
^Aeniists,  however,  saw  the  truth  of  Lavoisier's  explanor 
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tion,  and  from  this  time  chemistry  advanced  veiy  rapidly. 
Lavoisier  invented  an  entirely  new  set  of  terms  instead 
of  the  old  names  of  the  alchemists,  and  though  his 
terms  have  been  greatly  altered  by  later  discoveries^  still 
many  of  them  will  always  be  used.  He  repeated  with  a 
better  apparatus  Cavendish's  experiment  of  turning  hydrogen 
and  oxygen  into  water,  and  he  gave  hydrogen  its  name  frcnn 
vS<up,  water,  and  yevvao),  I  produce.  Lastly,  he  published 
his  *  Elements  of  Chemistry,*  in  which  he  gave  a  dear 
explanation  of  the  different  chemical  changes,  and  how 
students  could  work  them  out  for  themselves. 

Lavoisier  was  now  at  the  height  of  his  fame,  full  of  his 
new  theory,  and  prepared  to  devote  the  rest  of  his  life  to 
making  chemistry  a  grand  science ;  but  a  very  sad  fate  was 
awaiting  him.  In  1793  the  great  French  Revolution  broke 
out  in  Paris.  Lavoisier  was  a  farmer-general,  that  is  a  kind 
of  collector  of  taxes,  and  all  the  farmers-general  were  hated 
by  the  people ;  so  he  knew  that  he  should  most  likely  lose 
all  his  fortune,  and  was  prepared  to  work  for  his  living ;  but 
he  had  not  expected  the  blow  which  fell  upon  him.  All  the 
farmers -general  were  condemned  to  death,  and  though  a 
physician  named  Halle,  who  deserves  always  to  be  remem- 
bered for  this  act,  pleaded  that  Lavoisier's  life  should  be 
spared  till  he  had  completed  his  experiments,  the  ignorant 
and  brutal  Government  replied,  *  We  do  not  need  learned 
men,'  and  on  May  18,  1794,  at  the  age  of  fifty-one,  Lavoisier 
was  guillotined. 

After  his  death  the  French  School  of  Chemistry,  took  the 
lead  for  many  years,  until  new  discoveries  in  England,  which 
we  shall  mention  by  and  by,  made  another  great  advance. 
When  you  are  able  to  read  larger  works  uix)n  the  history  of 
chemistry  you  will  find  how  very  interesting  the  period  was 
of  which  we  have  been  speaking.     I  have  only  been  able  to 
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give  you  here  the  very  barest  outline  of  it,  so  that  the  names 
of  these  great  chemists  may  not  be  quite  unfamiliar  when 
you  meet  with  them  in  other  books. 


Cki^  Works  consulted, —  'Three  Papers  on  Factitious  Air,'  by 
Ctfendish— . * PhiL  Trans.,'  1766;  Brande's  'Chemistry;'  Hoefer's 
'Histoiitdela  Chimie;'  Cuvier,  *Histoire  des  Sciences  Naturelles;' 
Huxley,  'On  Priestley '—'Macmillan's  Magazine,'  1874  ;  Priestley,  *0n 
Diftrent  Kmds  of  Air,'  1774 ;  Thomson's  *  Hist,  of  Royal  Society ;' 
Schede's  *  Chemical  Experiments  on  Air  and  Fire,'  translated  1 780 ; 
Miller's  ' Elements  of  Chemistry;'  Lavoisier's  'Elements  of  Chemis- 
try,' translated  by  Kerr,  1790. 
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CHAPTER  XXVIII. 

SCIENCE  OF  THE  EIGHTEENTH  CENTURY  (CONTINUED). 

Dr.  Black  on  Latent  Heat— Watt's  Application  of  the  Theory  to  th^ 
Steam-engine — Early  History  of  Steam-engines — Newcomen'^ 
Engine — Watt's  Engine — Watt  and  Boulton. 

Discovery  of  Latent  Heat  by  Dr.  Black  in  1760. — W^ 

must  now  go  back  a  few  years,  to  the  time  when  Dr.  Blad^ 
was  lecturing  at  Glasgow  in  1760;  for  he  then  made  a^ 
remarkable  discovery  about  heat,  which  belongs  to  th^ 
history  of  physics  rather  than  of  chemistry.  This  was  th^ 
discovery  of  latent  Iteat^  or  of  heat  which  becomes  lost  or* 
hidden  whenever  a  solid  is  turned  into  a  liquid,  or  a  liquid- 
into  a  gas. 

If  you  put  a  lump  of  ice  in  a  saucepan  on  a  stove,  and 
when  it  begins  to  melt  stir  it  gently  so  as  to  keep  the  wate^ 
well  mixed,  you  will  find  that  so  long  as  the  smallest  piece  o^ 
ice  is  left  in  the  water,  a  thermometer  standing  in  the  sauce- 
pan will  not  rise  higher  than  0°  Centigrade,  or  the  melting- 
point  of  ice.     Now  the  heat  from  the  stove  must  be  con.— 
tinually  entering  the  water,  otherwise  the  ice  would  not  melt:. 
What  then  becomes  of  this  heat  ?     Again,  if  you  keep  thi^ 
water  on  the  stove  after  the  ice  is  melted,  it  will  grow  hotter: 
and  hotter  till  it  reaches  100°  Centigrade,  when  it  will  boil— 
Here,  again,  it  will  remain  at  the  same  temperature,  and 
though  you  go  on  boiling  it  till  it  has  all  passed  away  in  steaxi:*  , 
the  last  drop  of  water  will  never  be  hotter  than  loo®  C 
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t!ifil  here  £^ain  the  heat  which  is  added  remains  hidden 
Jnd  does  not  became  apparent  This  last  fact  about  boil- 
ing water  had  been  long  known  to  philosophers,  but  no 
WW  found  any  explanation  of  it  until  Black  began  his  ex- 
ptnments  on  melting  ice  ;  and  he  then  came  to  the  conclu- 
sion that  the  heat  is  employed  in  altering  the  condition  of 
fie  witer,  thai  is,  in  changing  it,  in  the  one  case  from  solid 
te  into  water,  and  in  the  other  from  water  into  a  vapour. 

He  proved  this  by  some  simple  experiments  which  are 
"01  difficult  to  make.  He  took  two  glass  flasks,  and  filled 
one  with  ice  jusi  on  the  point  of  mehing,  and  the  other 
"Hlh  an  ef|ual  weight  of  ice-cold  water.  These  he  hung  in 
■'  nioderately  warm  room,  which  he  kept  all  the  lime  at  the 
-■^une  heat  (8^-g  C).  At  the  end  of  half  an  hour  the  ice- 
cold  water  had  risen  four  degrees  (from  o°  to  4°),  but  the 
""itliing  ice  remained  at  0°,  and  it  was  ten  hours  and  a  half 
«fore  the  ice  had  disappeared,  and  the  water  had  reached 
"he  same  temperature  as  that  which  the  water  in  the  other 
f>asin  had  attained  in  half  an  hour.  Now  the  melting  ice 
''ad  been  receiving  heat  for  twenty-one  half-hours,  and 
therefore  had  taken  in  z  i  x  4,  or  84°  of  heal,  while  it  only 
showed  a  rise  of  4°.  It  was  clear,  therefore,  thai  the  re- 
gaining 80°  must  have  been  spent  in  turning  the  ice  into 
*ater. 

Black  now  tried  the  same  thing  in  another  way.  He 
foond  that  a  pound  of  water  at  79°  C.  would  exactly  melt 
■  pound  of  ice.  So  he  again  took  two  vessels,  in  one  of 
*Wch  he  put  a  pound  of  iu-cold  wattr  at  0°,  and  a  pound 
**f  hot  water  at  79°,  and  when  they  were  properly  mixed  he 
'**Uiid,  as  he  expected,  that  the  heat  of  the  mixture  was 
"*f-way  between  the  two,  that  is  39!°.  In  the  other 
^^'sel  he  put  a  pound  of  iee  at  0°,  and  a  pound  of  hot 
^  and  here,  when  the  ice  had  disappeared,  the 
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mixture  still  remained  at  o°,  showing  that  the  whole  79°  of 
heat  in  the  boiling  water  had  been  absorbed  in  melting  the 
ice,  and  remained  hidden  or  latent  in  the  two  pounds  of 
water.  The  lalent  heat  of  water  is  therefore  between  79' 
and  80°. 

We  know  now  what  becomes  of  this  heat,  as  you  will 
see  (Chapter  XXXV.)  in  the  liistory  of  tlie  science  of  the 
nineteenth  century ;  but  the  first  step  was  to  prove  its  dis- 
appearance into  the  water,  and  this  we  owe  to  Black ;  as 
well  as  the  fact  that  still  more  heat  is  lost  in  turning  water 
into  steam. 

This  last  fact  he  proved  by  filling  a  glass  bottle  half  full 
of  water,  corking  it  very  tightly,  and  then  heating  the  bottle 
till  the  water  began  to  boil.  He  was  obliged  to  do  this 
very  gently,  because  the  outward  pressure  of  steam  increases 
very  rapidly  as  the  temperature  rises,  and  he  did  not  wish 
to  drive  out  the  cork  or  break  his  bottle.  After  a  little 
time  the  water  ceased  boiling,  because  the  other  half  of  the 
bottle  was  full  of  steam,  and  there  was  no  room  for  more 
to  form.  But  now  the  water  began  to  grow  hotter  and 
hotter,  and  rose  above  100'  C,  showing  that  when  the 
heat  could  no  longer  form  steam  it  did  not  remain  hidden, 
but  increased  the  temperature  of  the  water.  Al  last,  when 
he  was  afraid  to  heat  the  bottle  any  more,  he  loosened  the 
cork,  which  flew  out  with  great  violence,  followed  by  & 
cloud  of  steam.  And  now  notice  what  happened ;  directly 
the  rush  of  steam  was  over,  the  heat  of  the  water  in  the 
bottle  fell  again  to  100°  C,  for  all  the  rest  of  the  heat  had 
been  used  in  forming  more  steam  the  moment  the  pressure' 
)ved. 

James  Watt,  1738-181B. — Black  had  now  completed^ 
his  discovery,  and  from  that  time  he  taught  in  all  his 
lectures  that  heat  becomes  latent  or  absorbed  when  a  solid 
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is  changed  into  a  liquid,  or  a  liquid  into  vapour.  It  was 
about  this  time  that  the  famous  engineer,  James  Watt,  began 
lo  study  the  power  of  steam,  and  as  Black  was  his  friend, 
he  came  to  him  to  help  him  solve  his  difficulties.  The 
history  of  the  sleam-engine,  being  the  history  of  an  inven- 
tion, does  not  strictly  belong  to  our  work ;  but  the  use 
which  \\'att  made  of  the  discoveries  about  steam  is  a  part 
of  science,  and  we  must  therefore  find  room  for  a  slight 

Ich  of  it  here. 

James  Watt  was  bom  at  Greenock  in  1736 ;  he  was  the 
of  a  builder  and  shipwright,  and  was  so  delicate  as  a 
child  that  he  was  kept  at  home,  and  learnt  reading  from 
his  mother,  and  writing  and  arithmetic  from  his  father. 
When  at  last  he  was  sent  to  school  he  found  it  hard  work, 
for  he  was  slow  and  thoughtful,  and  the  other  children  jeered 
at  him  for  his  want  of  quickness.  Every  one  knows  the 
stoiy  of  his  being  scolded  by  his  aunt  for  sitting  silent  a 
whole  hour,  holding  first  a  spoon  and  then  a  saucer  over 
the  steam  rising  from  a  kettle,  and  watching  the  drops  of 
water  gathering  upon  them.  It  was  in  this  quiet  way  that 
litUe  James's  mind  grew,  and  it  may  be  an  encouragement 
lo  stow,  plodding  boys  to  know  that  one  of  our  greatest  in- 
ventors was  considered  a  dull  and  backward  child. 

As  he  grew  older  James  went  up  to  London,  and  there. 
after  overcoming  many  obstacles,  which  the  guilds,  or  trades' 
unions  of  those  days,  put  in  the  way  of  all  independent 
workers,  he  learnt  to  make  mathematical  instruments, 
and  then  relumed  to  Glasgow,  where  he  began  business. 
Though  he  was  only  one-and-twenty  he  soon  became  known 
as  a  man  of  unusual  ability,  for  the  mind  of  the  dull  boy 
had  developed,  and  liis  thought  fulness  had  begun  to  produce 
results.      Not  only  the  students,  but  even  the  professors  of 

University  used  to  stroll  into  his  little  shop  to  discuss 
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the  discoveries  of  the  day,     '  Whenever  any  difficulty  a 
rested  us,'  writes  a  student  named  Robison,  '  wc  used  to  ru 
to  our  workman,  and  he  never  let  go  his  hold  until  he  had 
entirely  cleared  up  the  proposed  question.'     One  day  it  was   ' 
necessary  to  read  a   Ge^man   book   on    mechanics ;  Watt 
immediately  set  to  work  and  learnt  Germati,  and  anoiher   ' 
time,  for  the  sarae  reason,  he  studied  the  Italian  language.  . 
It  is  scarcely  surprising  that  a  man  with  such  talent  and- 
perseverance  as  this,  who  was  also  gentle  and  loving  to* 
ever\'body,  should  be  sought  after  both   by  masters  and. 
students. 

Among  those  who  came  to  Watt's  shop  was  one  Ander- 
son, professor  of  physics,  who,  finding  that  a  little  model  a 
a  steam-engine  in  the  University  museum  was  out  of  order « 
brought  it  to  Watt  to  be  repaired,  and  thus  led  the  way  t(» 
his  invention.  And  here  it  is  necessary  to  point  out  two 
things  ;  First,  you  must  not  suppose  that  by  a  steam-engine 
is  meant  a  railway  engine ;  all  contrivances  which  move  by 
the  power  of  steam  are  sieam-engin^s,  and  locomotive  engines 
which  draw  carriages  were  not  made  till  1804,  long  after 
Watt's  time.  Secondly,  you  must  get  rid  of  the  idea,  which 
many  people  have,  that  Watt  was  the  first  man  to  make  an 
engine  which  moved  by  steam.  This  was  done  long  before 
his  time.  The  thing  which  Watt  really  did  was  to  make 
an  engine  such  as  we  now  use,  working  entirely  by  steam, 
without  the  help  of  air,  and  doing  an  enormously  greater 
amount  of  work  with  the  same  quantity  of  fuel  than  any 
others  had  done  before. 

The  Newcomen  Engine,  1706. — Steam  had  bees> 
used  to  turn  a  globe  by  Hero  of  Alexandria,  a  Greek  who. 
lived  1  JO  years  before  Christ ;  and  Baptiste  Porta  in  1 580, 
Solomon  de  Caus  in  161S1  and  the  Marquis  of  Worcester 
in  1663,  all  tried  to  make  use  of  steam  to  do  work.    A{ 


newcomen's  engine. 
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in  1690  and  1698,  a  Frenchman  named  Papin  and  an 
Englishman,  Captain  Savery,  tried  to  make  steam-engines 
to  raise  water  out  of  mines.  But  the  only  one  of  all  these 
engines  which  we  need  describe  here  was  that  which  fell 


I  the  hands  of  Watt,  and  which  was  made  by  a  man 
named  Newcomen  in  1705.  A  section  of  Newcomen's 
engine  is  given  in  Fig.  43.  Its  working  depended  on  the 
pressuic  of  the  atmosphere  (explained  p.  120)  on  the  piston 

'  The  boila  and  cold-wa[«  tink  bolli  m  (his  Figure  an<l  in  F'E-  45 
we  4nwn  much  too  small  in  pToportJon,  in  order  \a  bring  them  into 
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at  one  end  of  the  beam,  and  the  weight  of  the  lump  of 
iron,  ^,  at  the  other  end. 

The  lever-beam  of  this  engine  is  balanced  in  sudia 
way  that  when  it  is  not  at  work  the  weight  e  pulls  it  down 
on  the  side  away  from  the  engine,  and  the  piston, /,/,  is 
drawn  up  to  the  top  of  the  cylinder,  as  in  the  figure.  To 
set  the  engine  going  a  fire  is  lighted  under  the  boiler,  and 
the  tap  or  stopcock,  ay  is  opened,  so  that  the  steam  rises 
into  the  cylinder,  driving  out  the  air  through  the  air-vent,  c 
As  soon  as  the  cylinder  is  full  of  steam,  a  is  turned  off,  and 
the  stopcock,  ^,  turned  on.  Immediately  a  small  jet  of 
cold  water  from  the  tank  t  rushes  through  b  into  the  cylin- 
der, turning  the  steam  back  into  a  few  drops  of  water, 
which  flow  out  with  the  cold  water  down  the  pipe  d.  Now 
notice,  the  cylinder  is  quite  empty;  for  the  steam  drove  out 
the  air,  and  the  cold  water  carried  the  steam  away  with  it, 
while  no  air  can  come  in  at  c  or  dy  because  the  little  valves 
in  them  are  kept  shut  by  the  weight  of  the  atmosphere  out- 
side. So  there  is  nothing  to  hold  up  the  piston,  which  is 
being  heavily  pressed  down  by  the  air  above  it  The  con- 
sequence is,  down  it  comes  to  the  bottom  of  the  cylinder, 
dragging  with  it  the  end  of  the  lever-beam.  Directly  it 
reaches  the  bottom  the  stopcock  b  has  to  be  shut,  and  a 
opened  again.  Up  rises  the  steam  directly  from  the  boiler, 
driving  up  the  piston,  and  the  whole  thing  begins  again.  In 
this  way  the  lever-beam  is  kept  moving  up  and  down  by 
simply  turning  the  two  stopcocks  one  after  the  other.  These 
were  at  first  opened  and  shut  by  boys ;  but  one  day  an  in- 
genious lad  named  Humphrey  Potter,  who  wanted  to  save 
himself  the  trouble  of  turning  the  cocks,  found  that  by 
tying  strings  from  the  handles  to  the  different  ends  of  the 
beam  he  could  make  the  engine  open  its  own  cocks  as  the 
beam  went  up  and  down.  This  rough  arrangement  was 
soon  improved,  and  the  machine  worked  by  itselfl 
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Watt's  Separate  Condenser. — Sucli  was  ilie  engine  as 
"an  found  iL  When  he  began  to  examine  it,  he  saw  at 
Ooce  what  an  immense  quantity  of  heat  was  wasted.  Every 
**tt»e  the  piston  came  down,  tlie  cylinder,  as  well  as  the 
"team  in  it,  had  to  be  cooled  down ;  every  time  the  piston 
r^^e,  the  cylinder  had  to  be  heated  again  ;  and  the  thing 
'^hich  puzzled  him  most  about  it  was,  that  it  look  six  pounds 
*>f  cold  water  to  condense  only  one  pound  of  steam. 

It  was  in  this  difficulty  that  he  came  to  Dr.  Black,  and 
leamt  from  him  the  theorj-  of  latmt  luat,  which  showed  that 
Ihere  is  an  immense  store  of  heat  hidden  in  steam,  which 
has  to  be  drawn  out  before  it  can  become  water.  This  was 
an  entirely  new  light  to  Watt,  and  it  led  him  to  make  many 
experiments  siill  more  exact  than  those  of  Dr.  Black,  which 
convinced  him  that  no  engine  would  ever  work  well  or 
economically,  while  so  much  power  was  wasted  in  cooling 
and  re-heating  the  cylinder  at  every  stroke.  But  how  was 
he  to  cool  down  the  steam  without  cooling  the  cylinder 
uhich  held  it? 

For  months  he  pondered  over  this  without  finding  any 
answer.  At  last,  one  Sunday  afternoon,  when  he  was  walk- 
ing on  the  Green  of  Glasgow,  the  way  to  do  it  flashed  upon 
his  mind.  If  he  could  draw  the  steam  off  into  a  stparate  vessel 
and  eondeme  it  there,  the  cylinder  might  still  be  kept  hat,  and 
the  thing  would  be  done.  Fig.  44  will  help  you  to  understand 
how  this  could  be  effected.  Here  the  two  6asks,  a  and 
B,  are  first  quite  emptied  of  air,  and  i)  is  h.iif  filled  with 
water.  Under  h  is  placed  a  lamp,  d  ;  under  a,  a  basin  of 
ice,  K.  Now  as  long  as  the  tap,  c,  is  kept  open,  the  steam 
which  is  constantly  rising  from  the  water  in  b  will  rush  along 
the  tube  into  the  empty  flask,  a,  and  will  there  be  turned 
into  drops  of  water  by  the  cold  of  the  ice  underneath,  and 
this  wilt  go  on  as  long  as  there  is  any  water  led   in    d, 
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because  there  will  always  be  an  empty  space  or  vacuum  in 
A  to  receive  the  steam  as  it  rises.  When  the  tap,  c,  is  shut, 
the  steam  in  b  will  become  very  dense,  and  when  it  ii 
opened  £^ain,  the  greater  part  of  the  steam  will  rush  out  uid 
be  cooled  down  in  a,  while  b  remains  hot  as  before. 


f.,  Ffuk  tiiiiHy  or  air.  B.  FJuk  half-full  of  water  and  empty  of  ur,  c,  Tip  no- 
necling  the  two  1iouI«l  d.  Spiril-lamp  kHping  Ihc  wniei  in  B  boiline.  k,  B»i 
of  ice  caolinE  down  th<;  sieaiD  which  pouei  inio  A. 

Watt's  Engine. — This  was  exactly  the  plan  Watt 
adopted  in  his  steamengine ;  b  answers  to  his  cylinder 
(Fig.  4s),  which  could  be  kept  always  hot,  and  a  to  his 
,  condenser,  in  which  his  steam  was  turned  back  into  water. 
We  cannot  follow  out  all  the  different  steps  of  his  inven- 
tion, and  must  content  ourselves  with  a  rough  descriptioD 
of  his  engine  after  he  had  completed  it,  as  shown  in  Fig  45. 
In  the  Rrst  place  you  must  notice  that  cold  water  is 
kept  flowing  down  from  the  tank  a  into  b,  and  out  through 
the  pipe  c,  so  that  the  condenser  standing  inside  B  is  kept 
quite  cold ;  and,  secondly,  I  must  tell  you  that  the  rods,  i  and 
z,  are  so  placed  that  when  the  engine-end  of  the  lever-beam 
is  raised,  as  in  the  figure,  the  stopcocks  a  and  c  are  open, 
and  b  and  d  are  shut ;  and  when  that  end  of  the  beam  &lls, 
i  and  d  will  be  open,  and  a  and  c  will  be  shut. 
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\a\  us  now  begin  with  the  machine  as  we  see  it  in  the 
figure.  In  this  position  of  the  beam  the  cocks  a  and  c  are 
open ;  therefore,  the  steam  below  the  piston  will  rush  out 
11  f  bto  the  condenser,  there  to  be  turned  into  drops  of 


C  Oiulet  fur  <;old  wnler.  D,  K,  Pujdpfi' for' drawing  olT  hoi 
nta  and  (cndisg  U  ilang  i,  i.  back  K,  ibc  boiler.  .  r,  Tighl' filling  pittan, 
m,  4,  Cads  ftr  knia):  uum  iolo  the  cylindn.  1,  t,  Cocki  for  Idling  ueun  out 
vt  the  cytitdtr-  f,  t.  Pipe  which  cvriet  Ateam  fmn  boiler  (o  cylinder,  41,  o^  Pipe 
which  curies  ftlcam  from  cyiinder  le  CDndenKF^Si,  ?,  Rods  connecting  Ibe  cocks 
with  Ihe  Itver-bcaou 

•ater,  while  the  steam  from  the  boiler,  entering  at  a,  will 
force  the  piston  down.  But  now,  the  piston  having  pulled 
down  the  beam,  a  and  c  will  be  closed  and  the  other  two 
cocks,  b  and  d,  will  be  opened  So  the  sleam  above  the 
piston  will  rush  out  at  b  into  the  condenser,  while  the  steam 
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from  the  boiler  will  pass  directly  from  e  down  to  i^  and 
coming  in  bel<nv  the  piston,  will  drive  it  up  again.  In  thb 
way,  although  the  cylinder  is  never  cooled,  the  piston 
moves  steadily  up  and  down ;  because  the  steam  is  driven 
off  into  the  condenser  standing  in  b,  where  it  is  turned 
into  water,  and  is  drawn  up  by  the  two  pumps  d  and  E, 
and  sent  along  the  pipe,  j,  j,  back  to  the  boiler. 

This  was  the  principle  of  Watt's  double-acting  steam- 
engine,  and  if  you  understand  the  difference  between  Kgs. 
43  and  45,  you  will  see  that  though  Watt  was  not  the  first 
to  make  engines  move  by  steam,  he  was  the  first  to  make 
a  pure  steam-engifu,  where  the  piston  moves  up  and-down 
without  any  help  from  the  outside  air,  or  of  the  counter- 
balancing weight  fy  Fig.  43,  and  without  the  enormous 
waste  of  heat  and  fuel  which  made  all  the  earlier  engines 
comparatively  useless. 

I  have  only  attempted  to  explain  the  way  in  which  he 
applied  steam  to  his  engines ;  all  the  numberless  other 
improvements  which  he  made  must  be  studied  in  books  on 
engineering.  For  twenty  long  years  he  went  on  improving 
and  inventing  without  reaping  any  reward  for  his  labour. 
Other  men  tried  to  steal  his  ideas  and  to  make  a  profit  out 
of  his  genius,  and  he  had  to  fight  against  prejudice  and 
injustice,  and  against  constant  depression  caused  by  his 
own  ill-health.  Yet  he  found  many  kind  friends  upon  his 
road,  and  amongst  the  most  famous  of  these  was  Boulton, 
the  Birmingham  manufacturer,  who  became  his  partner  in 
1769,  and  stood  by  him  manfully  in  all  his  difficulties  and 
troubles.  It  was  from  Boulton's  manufactory  at  Soho  (a 
suburb  of  Birmingham)  that  Watt's  engines  went  forth  to 
the  world,  and  worked  that  great  change  in  the  manu- 
factories of  England  which  has  made  us  one  of  the  first 
nations  of  the  world. 
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The  names  of  Boulton  and  Watt  deserve  to  be  classed 
together  as  benefactors  of  mankind.  Watt  was  the  inventor, 
the  man  who  loved  science,  and  who  could  not  live  without 
creating.  Boulton  was  the  large-minded,  enterprising  man 
of  business ;  he  gave  Watt  men,  money,  courage,  and  sup- 
port to  carry  out  his  inventions ;  and  by  his  sympathy  with, 
and  command  over,  the  workmen,  he  led  the  army  which 
conquered  indifference,  persecution,  and  difficulties,  and 
established  steam  machinery  in  all  the  workshops  of  the 
world.  Watt  died  in  1819,  in  the  eighty-third  year  of  his 
age,  and  was  buried  in  Handsworth  Church,  near  his  friend 
and  partner  Boulton,  who  had  died  ten  years  before. 


Chief  Wfyrks  consumed. — Black's  *  Elements  of  Chemistry,'  1803  ; 
*  Edinburgh  Review,'  vol.  xiii.  *  History  of  Steam  Engines  ;'  *  Arago, 
Biographies  of  Scientific  Men,'  1857  ;  Smiles's  '  Lives  of  Boulton  and 
Watt;'  Everett  Deschanel's*  Natural  Philosophy;'  Tyndall's 'Natural 
Philosophy  ;'  Balfour  Stewart's  *  Treatise  on  Heat ;'  Beckmann's  *  His- 
tory of  Inventions.' 
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SCIENCE  OF  THE  EIGHTEENTH  CENTURY  (CONTINUED). 

Benjamin  Franbliii,  bom  1706 — HU  Early  Lire— Du  Faye  diieottn 
Xvin  kinds  of  Electricity — Franklin  proves  that  Electricity  eiistt  it 
all  bodies,  and  is  only  developed  by  Friction — Positive  »nd  Na- 
tive Electricity — Franklin  draws  dosvn  Electricity  from  the  Skf— 
Invents  Lighlning'eonduclor^ — Dbcovery  of  Animal  Elcdridlyby 
Galvani — Controversy  between  Galvani  and  Volta — Volla  p 
tliat  Electricity  am  be  produced  by  the  Contact  of  two  Metali — 
Electrical  Batteries — The  Crown  of  Cups — The  VolUdc  Pile. 

Benjamin  Fraiikliii,  bom  1706.— He  InveBtigates  the 
Watiire  of  Electricity,  1746.  —  Oenjaiiiin  Frniiklin.  the 
printer  and  man  of  science,  was  bom  at  Boston,  in  America, 
in  the  year  1706,  He  was  the  son  of  a  tallow-chandler, 
and  had  so  many  hard  struggles  in  his  early  life  ihiit 
he  does  not  seem  to  have  turned  his  thoughts  to  science  till 
he  was  nearly  forty  years  of  age.  His  father  intended 
him  for  the  Cliurch,  but  there  was  not  enough  money  to 
pay  for  his  education,  so  he  was  apprenticed  to  his  brothel', 
who  was  a  printer.  Here  he  worked  very  hard,  yet  he  used 
to  snatch  every  spare  moment  to  read  any  books  which  ■ 
came  within  liis  reach ;  but  his  brother  being  unkind  and 
harsh  to  him,  a  quarrel  sprang  up  between  them,  and  Ben- 
jamin at  last  ran  away  to  New  York,  and  from  there  H 
Philadelphia.  In  this  last  place  he  got  a  little  work,  but 
hoping  to  do  better  in  England,  he  came  to  London,  where 
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"^  learnt  many  of  the  newest  improvements  in  printing, 
™ter  a  time  he  went  back  to  Philadelphia,  and  from  that 
"""le  he  began  to  succeed  as  a  printer,  and  became  a  well- 
"'own  and  respected  maa 

It  was  in  the  year  1746  that  he  first  began  to  pay  atten- 
poti  to  the  experiments  in  electricity  which  were  being  made 
"*  England  and  France.  A  great  deal  had  been  learnt 
*Dotit  this  science  since  the  time  when  Otto  Guericke  made 
•^e  first  electrical  machine  in  1671,  and  a  Frenchman 
lamed  Du  Faye  had  shown  that  two  different  kinds  of 
t'lectricily  coitid  be  produced  by  rubbing  different  sub- 
stances. Vou  will  remember  that  a  pith-ball,  when  filled 
*iih  electricity  from  a  stick  of  electrified  sealing-wax,  draws 
bock,  and  will  not  approach  the  sealing-wax  again  (see  p. 
I J  a).  But  Du  Faye  discovered  that  if  you  rub  the  end  of 
a  glass  rod  with  silk,  and  bring  it  near  to  this  ball,  it  will 
draw  the  ball  towards  itself,  showing  that  the  electricity  in 
the  glass  rod  has  exactly  the  opposite  effect  to  that  in  the 
seating-wax.  In  other  words,  while  Guericke  had  shown 
that  substances  filled  with  the  same  kind  of  electricity  rrpel 
each  other,  Du  Faye  showed  that  substances  filled  with 
different  kinds  of  electricity  attract  each  other.  Both  these 
men  thought  that  electricity  was  a  fluid  which  was  created 
by  (he  rubbing,  and  which  was  not  in  bodies  at  other  times  ; 
when  Franklin,  however,  began  to  make  his  experiments, 
he  came  to  the  conclusion  that  this  was  not  as  they  had 

^n^iosed,  but  that  all  bodies  have  more  or  less  electricity 

^bjllien),  which  the  rubbing  only  brings  out 

[pThe  way  in  which  he  proved  this  is  very  interesting; 

^Wt  to  understand  it  you  must  first  know  that  any  body 
•hich  is  to  be  filled  with  electricity  requires  to  be  so  placed 
that  the  electricity  cannot  pass  away  from  it  into  the  earth. 
;  best  way  to  do  this  is  to  place  it  upon  a  stool  with 
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glass  legs,  because  electricity  does  not  pass  easily  along 
glass.  You  must  also  know  that  when  any  substance  is 
full  of  electricity,  if  you  bring  your  finger  or  a  piece  of 
metal  near  to  it,  a  spark  will  pass  between  the  electrified 
substance  and  your  finger  or  the  metal 

You  will  now,  I  think,  be  able  to  follow  Franklin's 
experiments.  He  put  a  person,  whom  we  will  call  a,  upon 
a  glass  stool,  and  made  him  rub  the  glass  cylinder  of  an 
electrical  machine  with  one  hand  and  place  his  other  hand 
upon  it  to  receive  the  eiectridtj'.  Now,  he  said,  if  elec- 
tricity is  created  by  the  rubbing,  this  person  must  be  filled 
with  it,  for  he  will  be  constantly  taking  it  from  the  machine, 
and  it  cannot  pass  away,  because  of  the  glass  legs  under  the 
stool.  But  he  found  that  a  had  no  more  electricity  in  him 
after  rubbing  the  cylinder  than  he  had  before,  neither  could 
any  sparks  be  drawn  out  of  him.  He  then  took  two 
people,  A  and  it,  and  placing  each  of  them  on  a  glass  stool, 
made  a  rub  the  cylinder,  and  b  touch  it,  so  as  to  receive 
the  electricity.  Now  notice  carefully  what  happened,  b  was 
soon  so  full  of  electricity  that  when  Franklin  touched  him, 
sparks  came  out  at  all  points  ;  but  what  was  still  more  curious, 
when  Franklin  went  to  a  and  touched  him,  sparks  came  out 
between  them  just  as  they  had  done  between  him  and  8. 

This  he  explained  as  follows  :  '  a,  b,  and  myself,'  he  said, 
'  have  all  our  natural  quantity  of  electricity.  Now  when  K 
rubbed  the  tube,  he  gave  u])  some  of  his  electricity  to  it, 
and  this  b  took,  so  that  a  had  lost  half  his  electricity  and  B 
had  more  than  his  share.  I  then  touched  b,  and  his  extn 
charge  of  electricity  passed  into  me  and  ran  away  into  the 
earth.  I  now  went  to  a,  and  I  had  more  electricity  in  me 
than  he  had,  because  he  had  lost  half  his  natural  quantity, 
and  so  part  of  my  electricity  passed  into  him,  producing 
the  sparks  as  before.' 


^^n.  xxtx.        EXPERIMENTS  IN  ELECTRICITY. 

This  Franklin  believed  to  be  the  case  with  all  electricity, 
namely,  that  every  body  contains  its  own  amount  of  it,  but 
that  when  for  any  reason  it  is  distributed  unequally,  those 
trhich  have  no  more  than  ihey  can  well  carry,  give  some  up 
to  those  which  have  less,  till  they  have  each  their  right 
iliiantity.  And  this  explained  at  once  ivhy  a  man  cannot 
electrify  himself,  for  so  long  as  he  has  no  one  else  from 
whom  he  can  procure  electricity,  he  is  only  taking  back  with 
one  hand  wJiat  he  gives  out  with  the  other.  Those  who 
had  too  much  electricity  were  called  by  Franklin /cj/ftrrf/)' 
eleclrified,  and  those  who  had  too  little,  negatively  electrified, 
and  from  this  tome  the  terms  positive  and  negative  elec- 
tricity, which  are  now  used. 

Franklin  draws  down  Idghtning  from  the  Sk^. — It 
was  in  1 749,  when  he  had  already  made  most  of  his  experi- 
ments upon  electricity,  that  Dr.  Franklin  began  to  consider 
how  many  of  the  effects  of  thunder  and  lightning  were  the 
same  as  those  which  he  could  produce  with  his  electrical 
luacbines.  Lightning  travels  in  a  zigzag  line,  said  he,  and 
so  does  an  electric  spark ;  electricity  sets  things  on  (ire,  so 
does  lightning  ;  electricity  melts  metals,  so  does  lightning. 
Animals  can  be  killed  by  both,  and  both  cause  blindness  ; 
electricity  always  finds  its  way  along  the  best  conductor,  or 
the  substance  which  carries  it  most  easily,  so  does  lightning  ; 
pointed  bodies  attract  the  electric  spark,  and  in  the  same 
way  lightning  strikes  spires,  and  trees,  and  mountain  tops. 
Is  it  not  most  likely  that  lightning  is  nothing  more  than 
electricity  passing  from  one  cloud  to  another  just  as  an 
electric  spark  passes  from  one  substance  to  anot)ier  ? 

Franklin  communicated  these  ideas  to  the  Royal  Society 
in  London,  suggesting  at  the  same  time  that,  if  he  was  right, 
it  would  be  possible  to  prevent  a  great  deal  of  the  harm 

;  by  lightning  by  fixing  upright  rods  of  iron  near  high 
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buildings  so  that  the  electricity  might  run  down  from  the 
clouds  into  the  earth  without  doing  any  hann.  But  this 
notion  seemed  so  absurd,  even  to  clever  men,  that  they 
could  not  help  laughing  when  his  papers  were  read,  and  did 
not  even  think  them  worth  printing.  You  will  easily  un- 
derstand that  after  this  Franklin  was  ashamed  to  speak  of 
an  experiment  he  meant  to  make  by  which  he  hoped  10 
bring  down  electricity  from  the  sky.  So  we  find  thai  he 
told  no  one  but  his  son,  whom  he  took  with  him  upon  thii 
strange  expedition. 

Franklin's  idea  was  that  if  he  could  send  an  iron  rod  up 
into  the  clouds  to  meet  the  lightning,  it  would  become 
charged  with  the  electricity,  which  he  believed  was  there, 
and  would  send  it  down  a  thread  attached  to  it,  so  thai  he 
might  be  able  to  feel  it.  He  took,  therefore,  two  light  slripi 
of  cedar  fastened  crossways,  ii|jon  which  he  stretched  a  silk 
handkerchief  tied  by  the  comers  to  the  end  of  the  cross,  and 
to  the  top  of  this  kite  he  fixed  a  sharp-pointed  iron  wire 
more  than  a  foot  long.  He  then  put  a  tail  and  a  string  to 
his  kite,  and  at  the  end  of  the  string  near  his  hand  he  tied 
some  silk  (which  is  a  bad  conductor),  to  prevent  the  elec- 
tricity from  escaping  into  his  body.  Between  the  string 
and  the  silk  he  tied  a  key,  in  which  the  electricity  migw 
be  collected. 

When  his  kite  was  ready  he  waited  eagerly  for  a  heavf 
thunderstorm,  and,  as  soon  as  it  came,  he  went  out  with 
his  son  to  the  commons  near  Philadelphia  and  let  his  kite. 
fly.  It  mounted  up  among  the  dark  clouds,  but  at  first  do 
electricity  came  down,  for  the  string  was  too  dry  to  conduct 
it.  But  by  and  by  the  heavy  rain  fell,  the  kite  and  string 
both  became  thoroughly  wet,  and  the  fibres  of  the  string 
stood  out  as  threads  do  when  electricity  passes  along  them, 
Directly  Franklin  saw  this  he  knew  that  his  experiment  bad 
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succeeded ;  he  put  his  finger  to  the  key  and  drew  out  a. 
strong  bright  spark,  and  before  long  he  had  a  rapid  current 
of  electricity  passing  from  the  key  to  his  finger.  The  wise 
men  of  London  might  now  laugh  if  they  pleased,  for  the  dis- 
covery was  inade;  he  had  drawn  lightning  from  the  sky,  and 
proved  that  it  was  electricity !  Soon  after  this  he  made  an 
apparatus  in  his  own  house  for  collecting  electricity  from  the 
clouds,  which  rang  a  peal  of  bells  when  it  was  sufficiently 
charged  for  him  to  make  experiments  with  it  He  also 
introduced  iron  rods  as  lightning  conductors,  which  were 
for  the  future  placed  near  all  high  buildings  to  attract  the 
lightning  and  carr>'  it  away  into  the  ground. 

Franklin  had  now  earned  a  great  name  ;  he  was  made  a 
Fellow  of  the  Royal  Society,  and  many  honours  were  paid 
to  him  by  all  the  countries  of  Europe.  He  made  many 
other  very  valuable  experiments,  and  was  besides  an  active 
citizen  and  politician.  He  died  in  1790,  in  his  eighty-Rfth 
year,  after  a  Ufe  of  hard  labour  and  toil,  for  which,  however, 
he  was  well  repaid  by  success. 

Discovery  of  Animal  Electricity  by  GaJvani,  and  of 
Chemioal  or  Voltaic  Electricity  by  Volta,  1788-1800. 
— Only  a  few  months  before  Franklin  died,  a  new  fact  had 
been  discovered  about  electricity,  which  would  have  given 
the  old  man  great  delight  if  he  could  have  lived  to  see  the 
results.  This  discovery  was  made  by  Galvani,  Professor  of 
Anatomy  at  Bologna,  or  perhaps  we  ought  to  say  by  Madame 
Galvani,  for  it  was  her  observation  which  first  led  her  hus- 
band to  study  the  subject. 

Aloysius  Galvani  was  bora  at  Bologtia  in  1737,  and  we 
know  little  of  his  early  life  except  that,  instead  of  becom- 
ing a  monk  as  he  first  intended,  he  married  a  professor's 
daughter,  and  became  the  Lecturer  on  Anatomy  in  the 
iversity  of  Bologna.     He  had  in  his  house  an  electrical 
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machine  which  he  used  for  experiments,  and  one  day  in 
1789)  as  Madame  Galvani  was  skinning  frogs  for  a  soup, 
one  of  Galvani's  assistants  was  working  the  machine  near 
her.  Just  as  the  flow  of  electricity  was  going  on  rapidly, 
this  young  man  happened  to  touch  a  nerve  of  the  leg  of  a 
dead  frog  with  a  dissecting  knife,  and  to  his  great  surprise 
the  leg  began  to  move  and  struggle  as  if  it  were  alive, 
Madame  Galvani  was  so  much  struck  by  this  that  she  told 
her  husband  of  it  directly  he  returned,  and  he  repealed  the 
experiment  many  times,  and  found  that  whenever  the  flow 
of  electricity  from  the  machine  was  brought  near  the  nerve 
of  the  frog's  leg  it  produced  convulsions.  He  next  tried 
whether  lightning  brought  down  upon  the  nerves  of  the  leg 
would  have  the  same  effect,  and  the  experiment  succeeded 
perfectly. 

Meanwhile  another  accident  showed  him  that  the  con- 
vulsions could  be  produced  without  either  lightning  or  an 
electrical  machine.  He  had  prepared  the  hind  legs  of 
several  frogs  and  hung  them  by  copper  hooks  upon  an  iron 
balcony  outside  his  house.  As  they  hung  there  the  wind 
swayed  them  to  and  fro,  so  that  the  ends  of  the  legs  touched 
the  iron  of  the  balcony ;  and  every  time  they  did  so  he 
noticed  that  the  legs  were  convulsed  just  as  they  had  been 
by  the  electrical  machine  and  the  lightning.  But  this  time 
he  could  not  see  that  any  electricity  had  come  near  them 
from  outside,  so  he  supposed  that  there  must  be  an  electric 
fluid  in  the  leg  itself,  which  passed  round  every  time  the 
two  ends  of  the  leg  were  joined  by  the  metal  These  dis- 
coveries of  Galvani  soon  became  spoken  of  far  and  wide 
under  the  name  of  galvanism,  and  the  supposed  fluid  was 
called  the  galvanic  fluid. 

Among  the  celebrated  men  who  were  attracted  by  thi» 
T  discovery  was  Alessandro  Volta,  Professor  of  Natural 
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was  bom  at 


Philosophy  at  the  University  of  Pavia,  who  was  bom  : 
Como  in  1745.  and  was  at  this  time  a  well-known  natural- 
ist Not  satisfied  with  merely  reading  about  Galvani's  ex- 
periments, Volta  tried  them  himself,  and  he  began  to  suspect 
that  the  electricity  was  not,  as  Galvani  imagined,  in  the 
frog's  leg,  but  was  produced  by  the  two  metals,  copper  and 
iion,  upon  which  the  legs  had  been  hung,  and  which  were 
acted  upon  by  the  moisture  in  the  flesh. 

Then  began  a  very  famous  controversy.  Volta  insisted 
thai  the  electricity  carae  from  the  metals,  Galvani  that  it 
C3une  from  the  animal.  In  each  new  experiment  which 
Galvani  brought  forward  to  prove  his  point,  Volta  still 
showed  that  the  electricity  could  be  produced  without  the 
animal,  until  at  last  Galvani  succeeded  in  finding  a  test 
which  he  thought  must  silence  Volta  for  ever,  He  found 
that  by  la)-ing  bare  a  nerve  of  the  leg  of  a  frog,  called  the 
'crural  nerve,'  and  bringing  the  end  of  it  to  the  outside  of 
the  muscles  of  the  leg,  he  could  produce  the  convulsions 
without  any  metal  at  all.  But  Volta  was  not  so  easily  con- 
vinced ;  he  stilt  insisted  that  it  was  the  different  fluids  and 
tissues  being  brought  together  which  caused  the  electricity, 
and  that  there  was  not  a  current  running  through  the 
animal  At  this  point,  just  when  the  truth  would  probably 
have  been  worked  out,  Galvani  died  (in  1798),  leaving 
\'oIli  in  possession  of  the  field ;  and  for  twenty-eight  years 
no  more  was  heard  of  animal  electricity.  We  know  now 
that  both  the  professors  were  right  Volta  was  right  in 
saying  that  the  convulsions  of  the  frog's  legs  on  the  balcony 
was  produced  by  the  contact  of  the  two  metals  in  connec- 
tion with  a  fluid  ;  while  Galvani  was  right  in  saying  that 
there  is  an  electricity  in  animals  which  acts  without  any 
Other  help.  In  1826  an  Italian  named  Nobili  repeated 
Galvani's  experiment,  and  having  then  an  instrument  called 
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a  gahanomtier  (see  p.  365),  by  which  the  passage  of  the 
faintest  electric  current  can  be  detected,  he  proved  that 
such  a  current  does  exist  in  the  frog,  and  it  has  since  been 
found  to  be  common  to  all  animals. 

Meanwhile,  however,  Volta  had  also  made  a  veiy  re- 
markable discovery,  namely,  that  two  different  meUls  when 
joined  together  in  contact  with  moisture,  and  separated  from 
other  substances,  produce  a  current  of  electricity.  This 
may  easily  be  tried  in  its  very  simplest  form.  If  you  take 
a  halfpenny  and  a  half-crown  and  put  one  above  your 
tongue  and  one  below  it,  you  will  feel  nothing  remarkable 


so  long  as  the  two  metals  are  kept  separate,  but  directly 

you  let  them  touch  each  other  at  the  ends,  a  tingling  sensa- 
tion will  pass  through  your  tongue,  proving  to  you  that  an 
electrical  current  is  passing  between  the  metals.  If  you 
put  the  half-crown  under  your  lip,  so  that  the  halfpenny 
may  remain  outside  your  mouth,  you  may,  perhaps,  even 
see  a  slight  flash  when  the  two  metals  meet 

Volta  found  not  only  that  it  was  necessary  to  have  mois- 
ture between  the  two  metals,  but  that  some  acid  put  in  the 
water  greatly  increased  the  strength  of  the  electricity.  Fi& 
46  shows  the  fiist  electric  battery  which  he  made,  aoA 
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ich  is  the  one  now  commonly  used  for  simple  experi- 
In  this  battery  each  piece  of  zinc  is  joined  to  one 
of  copper,  and  where  the  two  are  not  united  they  are  in  the 
same  cup,  so  that  the  liquid  acts  as  a  link  to  ihem.  We 
know  now  what  Volta  did  not  know,  tliat  a  chemical  change 
is  going  on  between  the  zinc  and  the  acid  water,  which  sets 
the  action  going,  but  we  do  not  yet  know  exactly  what  the 
electricity  itself  is.  The  movement  in  Fig.  46  begins  on 
the  left-hand  side  at  z.  Here  the  current '  is  set  up  by  the 
action  of  the  acid  and  water  upon 
ihe  zinc,  and  is  passed  on  to  the 

I  copper,  c  ;  then  along  the  wire  a,  to 
dte  next  z,  and  so  on  till  it  reaches 
flic  last  cup,  when  it  is  carried  by 
Ihe  wire  *  back  to  the  first  piece  of 
line,  and  so  the  round  is  completed. 
This  battery  is  called  the  '  Crown 
of  Cups,'  but  though  it  is  so  simple, 
it  has  not  become  as  famous  as  the 
lecond  battery  made  by  Volta,  which 
is  still  called  the  '  Voltaic  Pile  '  (see 
fi&  47)'     I"  '^'s  battery  the  metals  Fit;.  47- 

»re  bid  one  above  the  other,  and  TheVoiitticPiii(FowDe.). 
have  small  pieces  of  card  or  flannel  ''^°^,,c7ng°I5ir'';op"uy^'J|J- 
between  them  which  are  wetted  with  copper  mih  the  bourmiiiyH' 
tolt  and  water.  The  battery  ends 
rith  a  plate  of  zinc  at  the  bottom,  and  of  copper  at 
B  top,  and  these  are  connected  by  the  wire,  a  a.     The 

'  There  ate  always  two  curtenU  passing  along  the  wire — the^JiVnv 

enti  sbuline  from  (he  copper  to  the  tine,  and  the  ntgatlvi  carrent, 

£  Ihe  opposite  way  from  the  tine  to  the  copper ;  but  to  avoid  con- 

1,  Ihe  positive  cunenl  is  always  called  thi  cHrrint,  and  (lO  notice  il 

iken  of  (he  o(her. 


action  passes  round  this  battery  just  as  it  did  through  the 
cups,  and  if  the  wire,  a  a,  is  cut  in  the  centre  and  tipped, 
with  charcoal  (which,  being  a  bad  conductor,  causes  the 
electricity  to  pass  with  difficulty),  a  bright  spark  will  glow 
between  the  points  as  long  as  the  battery  is  at  work.  Earl^ 
in  our  own  century  Sir  H,  Davy  succeeded  with  a  battery 
of  3000  cells  in  producing  a  bright  luminous  arch  between 
these  points  when  tipped  with  carbon,  and  here  we  have 
the  origin  of  our  present  electric  lighL  Volta  completed 
his  Voltaic  pile  in  1  Soo,  just  at  the  close  of  the  century,  and 
even  from  this  slight  sketch  you  may  see  what  grand  strides 
had  been  made  in  electricty  during  the  past  fifty  years. 

Franklin  had  proved  the  real  action  of  electricity,  had 
shown  it  to  be  the  same  as  lightning,  and  had  brought  it 
down  from  the  sky.  Galvani  had  proved  its  existence  in 
animals,  and  led  the  way  to  Volta's  discoveries ;  and  Volti 
had  produced  it  in  enormous  quantities  by  two  metals  and 
acidulated  water,  so  as  to  keep  up  a  constant  flow,  which 
would  travel  any  distance  so  long  as  the  circuit  was  not 
broken.  Here,  you  will  see,  was  the  first  step  towards  the 
electric  telegraph  and  the  electric  light,  and  though  it  was 
but  a  commencement,  yet  when  we  reap  the  benefits  we 
must  always  remember  the  names  of  Franklin,  Galvani,  and 
Volta,  as  the  great  pioneers  in  the  science  of  electricity. 
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CHAPTER    XXX. 

SCIENCE  OF  THE  EIGHTEENTH  CENTURV  (CONTINUED). 


CilcaUtioQ  of  Musical  Vibrationii  —  Sauvcur — BeniDiiIli,  Eulei,  La- 
grange— Nodes  and  Segments — -Chladni^Plntes,  Bells,  and  Gongs 
— Sand  Figures  produced  by  \'ibnitiun. 

Calcolation  of  Huslcal  Tibratioas  ~  Sauveur,  1700. 
— After  Newton  had  jjublislied  his  theory  of  sound,  and  some 
clearer  ideas  prevailed  about  the  manner  in  which  sound 
vibrations  are  conveyed  to  the  ear,  many  mathematicians 
occupied  iheraselves  in  working  out  the  laws  of  those 
regular  sound  -  vibrations  which  produce  musical  notes. 
Among  the  most  celebrated  of  these  were  Sauveur  (1653- 
1716),  Daniel  Bernoulli  (1700-1782),  Euler  (1707-1783), 
and  Lagrange,  of  whom  we  shall  speak  presently  in  connec- 
tion with  astronomy. 

It  will  be  remembered  that  Pythagoras  by  stretching  a 
string  on  a  sounding-board  (p.  12)  had  obtained  musical 
notes,  whose  intervals  depended  upon  the  lengths  into 
irhich  the  string  was  divided.  Galileo  also  had  pointed 
out  (p.  So),  that  in  order  to  produce  a  musical  note  and 
not  mere  noise,  the  shocks  given  to  the  air  must  follow 
each  other  at  regular  intervals,  and  that  the  more  rapidly 
flie  vibrations  strike  upon  our  ear,  the  higher  is  the  note 
we  hear ;  and  two  men,  Noble  and  Pigot,  had  made  in 
I  1676  some  very  interesting  experiments  on  the  divisions  of 
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,  stretched  strings.  But,  curiously  enough,  it  was  a  deaf 
man,  or  one  who  heard  very  imperfectly,  who  made  the 
first  accutiite  experiments  as  to  the  number  of  vibrations 
which  produce  any  particular  note. 

Joseph  Sauveut,  the  geometer,  was  bom  in  1653. 
was  dumb  for  seven  years  after  his  birth,  and  his  speech 
as  well  as  his  hearing  remained  very  imperfect  during  his 
whole  life.  Yet  this  man,  who  was  a  splendid  mathe- 
matician, found  his  greatest  pleasure  in  studying  the  mathe- 
matical theory  of  sound  Sauveur  had  remarked  that  a 
great  confusion  was  created  in  music  because  there  was  no 
fixed  note  from  whicli  every  one  could  agree  to  start,  and 
in  order  to  get  this,  it  was  necessary  to  fix  upon  some  o 
note  of  a  known  number  of  vibrations.  But  how  were  t 
vibrations  to  be  counted  ? 

Sauveur  devised  the  following  method ; — Musiciuu 
knew  abeady  that  when  two  organ  pipes  of  different  lengths 
are  sounded  together,  then  because  the  air-wave  in  the 
shorter  one  is  driven  back  sooner  than  in  the  longer  one 
the  puffs  of  sound  will  come  more  rapidly  from  the  shorter 
pipe,  just  as  the  footfalls  of  a  man  who  takes  short  steps 
will  be  more  frequent  than  those  of  a  man  who  strides. 
Now  let  us  suppose  two  organ  pipes,  one,  a,  8  feet,  ajid  the 
other,  B,  9  feet  long,  a  being  one-ninth  shorter  than  n, 
the  puffs  from  that  pipe  will  be  one-ninth  quicker,  so  thai 
by  the  time  a  has  made  nine  puffs  it  will  have  gained 
one  whole  step  upon  B,  which  will  only  have  had  time  to 
make  eight.  Now  all  the  time  it  is  gaining,  its  puffs  will 
come  somewhere  between  those  of  b,  but  as  soon  as  it  has 
gained  one  whole  stride  the  two  pipes  will  sound  simul- 
taneously. This  produces  what  musicians  call  '  beats,'  or 
loud  gusts  of  sound  at  regular  intervals  whenever  the  two 
pipes  sound  together,  and  it  is  clear  that  if  you  count  how 
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many  of  these  beats  there  are  in  a  second,  knowing  that 
l)eiween  each  beat  a  must  have  given  nine  puffs,  you  have 
only  to  multiply  the  number  of  beats  by  nine,  and  that  will 
P'e  jx)u  the  number  of  vibrations  of  tbe  note  sounded  by 
llial  pipe. 

Sauveur  tried  the  experiment  in  this  way,  and  found  that 
Hen  he  sounded  the  low  c  in  the  8-foot  pipe  it  gave  lai 
nbrations  in  a  second.  He  afterwards  went  on  to  apply 
this  to  stringed  instruments,  and  made  many  remarkable  ex- 
penments.  Through  his  researches  and  those  of  Bernoulli, 
Euler,  and  Lagrange,  it  was  proved  that  the  sound  given 
by  a  string  when  struck,  depends  upon  four  conditions, 
namely,  its  l^n^h,  thickness,  weight,  and  its  tension,  or  the 
lightness  with  which  it  is  stretched.  When  any  one  of  these 
conditions  is  altered  the  string  will  give  a  different  note, 
but  when  two  strings  are  exactly  alike  in  these  four  re- 
spects ihej-  will  give  the  same  note,  because  they  will  both 
make  exactly  the  same  number  of  vibrations  to  and  fro  in 
any  given  time.  If  one  of  them  is  only  half  as  long  as  the 
other,  it  will  make  two  vibrations  while  the  longer  string  is 
making  one,  and  then  it  will  give  a  note  an  octave  higher ; 
all  the  other  notes  between  these  two  can  also  be  sounded 
by  altering  the  relative  lengths  of  the  two  strings. 

It  would  be  too  long  to  work  out  here  the  laws  respect- 
ing the  intervals  between  different  notes  and  the  lengths  of 
the  strings  producing  them,  but  there  are  some  curious  and 
bcautifiil  experiments  with  stretched  strings  which  help  us 
to  have  some  idea  of  musical  sound  and  its  laws.  If  you 
stretch  a  string  upon  a  sounding-board  and  then  draw  a 
violin  bow  across  it,  it  will  give  a  musical  note.  If  you 
then  touch  the  middle  of  the  string  quite  lightly  with  a 
feather  you  will  get  the  same  note  an  octave  higher,  because, 
1  the  whole  string  is  sounding,  yet  the  feather  keeps 
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the  centre  almost  still,  and  the  two  divisions  each  vibrate  ' 
twice  as  fast  as  the  whole  string  did. 

This  is  very  simple ;  but  now  place  the  feather  so  as  to  ■ 
divide  off  one-third  of  the  string,  leaving  two-thirds  at  the 
other  end;  it  would  seem  as  if  you  ought  to  have  tvo 
notes,  one  for  the  short  string  and  one  for  the  long  ona 
But  you  will  only  get  one  note,  and  that  will  be  one-fifth 
above  the  octave  you  had  sounded  just  before.  That  is  to 
say,  you  will  get  the  same  note  as  you  would  have  had  if  the 
string  ended  at  the  feather  and  the  other  long  piece  did 
not  sound  at  all.  Vet  you  can  easily  convince  yourself 
that  the  whole  string  is  vibrating,  and  what  is  still  more 
curious,  that  it  has  divided  itself  into  /Arte  short  sMugt, 
each  one  of  which  is  vibrating  as  if  it  were  quite  separata 
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To  see  this,  take  three  small  pieces  of  light  paper  bent  so 
that  they  will  ride  upon  tlie  string.  Then  measure  off  your 
string  into  three  equal  parts  and  touch  one  of  the  dividing 
points  (c.  Fig.  48),  with  the  feather ;  place  one  of  the  paper 
riders  upon  the  other  dividing  point  *,  and  the  other  two, 
one  half-way  between  a  and  b,  the  other  between  b  and  e. 
If  you  now  draw  the  bow  across  the  string  between  c  and  4 
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two  ef  ihe  riders  will  fly  off,  showing  that  the  long  end  of 

the  siring  is  vibrating,  but  the  one  at  b,  one-third  from  the 

end  of  the  string,  will  remain,  showing  that  at  this  point  the 

siring  is  comparatively  quiet.     The  long  part  of  the  string 

has,  in  lact,  divided  of  its  own  accord  into  two  parts  a,  b 

K  (,  each  of  them  of  the  same  length  as  the  one  you 

I  wudeniilk  the  feather.     Thus  you  have  three  short  strings 

I  ID  vibrating  at  the  same  note,  and,  therefore,  all  sounding 

|4e  same  note. 

But  why  should  the  long  end  of  the  string  divide  itself 
Wo  two  parts  ? 

To  answer  this,  take  a  long  cord,  and  fastening  one  end 
f  il  10  [he  wall,  move  your  hand  so  as  to  make  it  rise  up 
iloone  great  wave-crest,  a  No.  i,  Fig.  49.     When  this  wave 


Pic.  ,<). 
',  t,  RpiHcaB  tlie  ihape  of  Ihc  cord  durin; 


nljrjlion.  und  the  Line  i.  f,  .: 

reaches  the  wall  it  will  be  reflected,  and  will  return  to  your 
hand,  this  time  not  as  a  crest,  but  in  the  shape  of  a  valley 
or  trough,  6,  and,  as  the  rope  is  moving  very  rapidly,  this 
will  give  the  spindle-shaped  appejrance  shown  in  the  figure. 
Next  move  your  hand  more  quickly  so  as  to  make  a 
:  and  a  trough,  a,  h,  e,  f,  e.  No.  2,  between  your  hand 
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and  the  wall — this  is  called  a  whole  wave.  By  the  tim* 
this  wave  has  reached  the  wall  at  c,  the  end  of  the  rope  ii* 
your  hand  will  have  begun  to  form  the  trough,  a,  g,  At 
Now  notice  what  happens  —  the  reflected  wave  from  * 
travels  back  along  e,  d,  c,  and  meets  there  the  new  direct 
wave,  a,  g,  c,  coming  from  your  hand.  Therefore,  at  th*: 
point  c,  these  two  movements  will  meet,  and  while  the 
direct  wave  a,  g,  c,  will  be  wanting  to  puU  the  string  uf  W 
make  its  next  crest  c,  d,  e,  the  returning  wave  e,  d,  c,  w 
be  wanting  to  pull  it  dmvn  to  make  its  next  trough,  c,^,  i 
therefore,  at  this  point  the  string  will  remain  almost  at  rest 
forming  what  is  called  a  nodf  or  knot 

Once  past  this  point,  each  wave  can  go  on  its  way,  and 
the  string  will  gradually  assume  the  form  a,  g,  c,  d,  c 
this  way  the  vibration  will  continue  in  two  divisions  Of 
segments  with  a  node  or  point  of  comparative  rest  c,  bcHrten 
thenx  It  is  not  at  all  necessary  that  there  should  be  only 
one  point  of  rest  in  the  string  ;  by  moving  your  hand  more 
quickly  you  can  make  two  nodes  and  three  segments  as  ill 
No.  3,  and  these  may  be  increased  almost  indefinitely. 

Now  it  is  an  action  almost  exactly  the  same  as  this 
which  takes  place  in  the  stretched  string  of  a  musical  in 
ment  when  it  is  made  to  vibrate.  By  holding  the  feather 
against  the  string  at  i,  Fig.  48,  and  thus  checking  at  ll 
point  the  swing  of  the  entire  string  you  formed  a  ncdf,  ai 
the  vibration  caused  by  the  scraiiing  of  the  violin  bow  instead' 
of  having  its  crest  in  the  middle  of  the  string,  had  it  betweOi 
a  and  i.  This  caused  the  trough  to  come  between  A  and  4 
and  the  next  crest  between  <■  and  d.  Then  the  reflects! 
wave  from  d  had  the  same  effect  as  in  your  swinging  rop<| 
No.  3,  Fig.  49,  and  in  consequence  the  string  was  divided  in 
three  segments  with  two  nodes,  i  and  c  When  once  thil 
vibration  is  set  up,  you  may  remove  the  feather  allc^ethe^ 


for  the  string  will  continue  to  vibrate  in  the  same  manner 
li!l  it  comes  to  rest 

All  these  facts  about  vibrating  strings  were  worked  out 
by  Bernoulli,  Euler,  and  Lagrange.  Bernoulli  also  showed 
how  die  air  vibrates  in  pijies,  and  why  the  note  they  produce 
dei»ends  upon  the  length  of  the  pipe,  and  the  sharpness 
with  which  the  air  is  forced  into  it ;  but  these  experiments, 
though  very  interesting,  are  too  long  lo  enter  upon  here. 

Chladni  oa  the  Uusical  Vibrations  of  Solid  Bodies. 
— When  it  was  once  known  that  strings  give  out  different 
notes  according  lo  their  length,  weight,  thickness,  and 
tension,  and  also  that  on  any  one  string  difTerent  notes  are 
produced  by  the  formation  of  nodes  or  points  of  rest,  the 
foundation  was  laid  for  a  fiill  understanding  of  stringed 
instruments.  But  musical  notes  can  be  produced  in  a  much 
simpler  way  than  this.  We  know  that  by  merely  striking  a 
glass  or  a  piece  of  metal  we  can  get  a  dear  and  beautiful 
note,  and  that  these  notes  are  different  even  in  the  same 
glass  when  it  is  held  and  struck  in  difTetent  places.  For  the 
explanation  of  these  notes  we  must  go  to  Chladni,  a  man 
who,  on  account  of  his  wonderful  researches,  has  been  called 
the  "  Father  of  Modem  Acoustics"  or  the  study  of  sound. 

Ernst  Chladni,  the  son  of  a  professor  of  Law  at  Witten- 
bet;g  in  Saxony,  was  bom  in  1756,  and  having  the  misfortune 
10  be  the  only  son  of  an  over-anxious  father,  his  childhood 
iras  dreary  in  the  extreme,  He  tells  us  that  though  he  was 
kindly  treated  and  had  good  teachers,  yet  be  was  never 
allowed  to  go  out  of  the  house  alone,  or  to  see  any  boys  of 
his  own  age  except  at  church.  His  father,  indeed,  never 
allowed  him  to  go  even  into  the  garden  unless  the  day  was 
unusually  fine,  so  that  it  is  wonderful  how  he  kept  his  health. 
He  was  not  sent  to  school  till  he  was  fourteen  years  old, 
and  then  to  so  strict  a  master  that  he  was  but  little  better 
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off  than  at  home.     At  last,  when  he  was  nineteen,  he  wer»t 
to  the  university  at  Leipzig,  where  he  had  more  libettj-,  btit 
even  tlien  his  great  desire  to  turn  his  attention  lo  medicine 
was  checked,  and  his  father  insisted  on  his  studying  law. 
This  severe  discipline  seems  to  have  been  very  unnecessarj" 
as. Ernst  was  a  quiet,  studious  lad,  and  though  at  one  lime 
he  tells  us  he  was  almost  driven  to  run  away  from  home, 
the  niece  thought  of  grieving  his  father  was  sufficient  to 
detain  him.      He  studied    physics  and  natural  history  in 
secret,  and  being  passionately  fond  of  music,  he  look  lessoM 
on  the  piano  while  at  Leipzig,  but  for  all  this  he  did  niK 
neglect  his  legal  studies,  and  took  his  degree  as  Doctor  rf 
Law  in  1782. 

Just  in  this  year,  when  his  future  career  seemed  fixed 
without  any  hope  of  change,  his  faliier  died,  and  the 
moment  he  was  free  he  gave  up  the  law  for  ever  and 
turned  to  science.  As  he  had  no  fortune,  this  resoluiirai 
cost  him  a  long  struggle  with  poverty,  but  his  stepmolha, 
who  loved  him  as  her  own  son,  helped  liijn  out  of  her  own 
income,  and  at  last  he  earned  enough  by  his  writings  and 
his  musical  instruments  to  live  comfortably. 

Chladni  tells  us  that  when  his  love  of  music  led  him  to 
study  harmony,  he  found  so  much  in  it  that  no  one  could 
explain,  that  he  thought  he  might  make  some  discoverits 
about  musical  sound.  He  had  noticed  that  a  piece  ot 
glass  or  metal  gave  out  different  notes  when  struck,  accord- 
ing  to  the  place  in  which  he  held  it,  but  the  reasoD  fot 
this  he  could  not  find  given  in  any  book. 

About  this  time  a  celebrated  physician,  named 
berg,  had  devised  a  way  of  making  electrical  figures  tqi 
means  of  resinous  powders  scattered  on  glass.  This  su^ 
gested  to  Chladni  that  if  musical  notes  were  produced  Iq 
longer  or  shorter  vibrations  witii  nodes  or  points  of 


tiien,  if  he  scattered  sand  over  a  piece  of  glass  and  strack 
the  glass  so  that  it  gsive  out  a.  note,  the  sand  ought  to  be 
driven  from  those  places  which  were  vibrating,  and  to 
cdlect  on  the  nodes  where  there  was  little  or  no  movement. 
Accordingly  he  look  a  round  piece  of  brass  belonging 
lo  a  grinding-machine,  and  fastening  it  by  its  centre  in 
4  vice,  scattered  some  sand  over  it,  and  drew  a  violin 
bow  across  the  edg&  As  he  had  expected,  the  sand 
moved  away  from  the  bow,  and  from  several  other  points 
M  equal  distances    round  the    circle,  and    arranged  itself 


in  the  form  of  a  star  with  several  points ;  at  the  same  time 
the  metal  gave  out  a  very  shaqj  note,  showing  that  the 
vibrations  were  very  rapid.  After  many  other  experi- 
ments he  proved  that  when  the  bow  was  drawn  gently,  so 
as  to  give  out  the  lowest  tone  of  the  plate,  the  sand 
arranged  itself  in  two  lines  crossing  each  other  at  the 
centre  (see  Fig.  50).  This  experiment  is  not  difficult  to 
try  with  a  plate  of  metal  or  glass  and  a  vice ;  it  will  be  the 
more  sure  to  succeed  if  you  place  your  finger  on  one  of 
the  nodes,  that  is  Jth  of  the  circle  away  from  the  bow  so 
as  to  be  sure  of  getting  the  lowest  note.  But  you  may  pro- 
duce the  same  effect  still  more  simply  by  taking  a  common 
finger-glass  half  full  of  water,  and  drawing  a  violin  bow 
gently  across  the  edge  at  a.  Fig.  5 1.     You  will  then  find 


that  ihe  water  will  be  agitated  in  the  form  of  four  semi- 
circles, a,  b,  c,  d,  while  from 
the  centre  to  the  four  points, 
»,  «,  «,  n,  it  will   be  still.     The 

reason  of  this  is,  that  when  the 
'  t,'iass  is  set  vibrating,  it  assumes 
a  slightly  oval  shape  first  in 
one  direction  0>  ^"d  ^^^  >" 
the  other  Oi  -ind  these  two  move- 
ments produce  a  figure  such  as 

is  shown   much    e-xaggerated  by 

wiucb  it  A\«xas  out  A    mu&icai   the   line  lines  in   Fig.  53.     The 
°''""  place  a,  across  which  your  bow 

was  drawn  will  move  most,  and  form  the  centre  of  a  bulge, 
so  will  the  point  c  opposite  to  it,  making  the  dotted  owl 
a,  n,  n,  c,  n,  n ,-  immediately  after, 
the  other  two  points  /■,  d,  will 
bulge  out  in  their  turn,  making  au 
oval  in  tlie  opposite  direction;  and 
so  the  water  will  alternately  tx 
pushed  together  and  spread  out 
at  all  these  four  places,  but  at « 
«,  «,  «,  it  will  not  be  disturbed, 
and  so  the  nodes  are  fotmed 
Vou  can  even  produce  this  figure 
by  simply  wetting  your  finger  and  passing  it  closely  rounJ 
the  rim  of  the  glass,  for  whenever  the  whole  glass  vibratess) 
as  to  give  its  lowest  note,  it  forms  two  alternating  ovals,  and 
leaves  the  four  points  at  rest.  The  sounds  given  out  by 
bells,  gongs,  cymbals,  glasses,  etc,  are  all  produced  bj 
this  change  of  shape,  which  causes  them  to  strike  the  air 
first  one  way  and  then  the  other,  and  so  produce  Ihe 
series  of  condensations  and  rarefactions  (sec  p.  1 68)  whith 
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reach  our  ear.  The  number  of  sand-rays  may  be  increased 
on  round  plates  by  placing  the  fingers  on  different  points, 
and  checking  the  vibrations,  see  Fig.  53.  When  Chladni 
had  made  many  of  these,  and  worked  out  their  relation  to 
the  particular  note  sounded,  he  went  on  to  experiment  on 


tare  plates,  and  produced  the  curious  figures  given  in 

ind  many  others  much  more  complicated.     The  first 

Ihese  figures  he  got  by  fixing  the  plate  by  its  centre  and 


drawing  the  bow  across  one  of  the  comers ;  the  second 
hy  drawing  it  across  the  middle  of  one  of  the  sides ;  and 
:Ii-j  more  complicated  figures  below  by  placing  the  finger 
■lil  thumb  on  various  points  so  as  to  form  artificial  nodes. 
The  tines  of  sand  on  these  plates  are  formed  oo  the  same 
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principle  as  the  quiet  lines  of  water  in  the  glass,  bul  their  ex- 
planation is  rather  complicated  The  first  two  are  the  most 
simple;  in  them  the  squares  marked  a  a  are  always  bending 
upwards  when  the  other  squares  b  b  are  bending  downwards, 
and  the  lines  between  these  four  squares  are  therefore  motion- 
less, and  form  nodes.  In  our  day  Sir  Charles  Wheatstone 
has  analysed  all  these  vibrations,  and  shown  mathematically 
why  they  assume  the  forms  which  Chladni  produced. 

Chladni  did  not  only  discover  the  way  in  which  plates 
vibrate :  he  also  worked  out  most  carefully  the  whole  theoij 
of  musical  sound,  and  left  behind  him  a  *  Treatise  oo 
Acoustics,*  which  is  still  of  very  great  value.  He  also  in- 
vented two  musical  instruments,  the  euphone  and  the 
clavicylinder,  which  are,  however,  no  longer  in  use.  The 
manner  of  his  death  was  somewhat  singular.  At  an  evening 
party  held  at  the  house  of  one  of  the  professors  of  the 
Breslau  University,  he  was  speaking  of  sudden  death  as  a 
happy  thing  when  happening  to  a  man  whose  work  was 
done.  At  eleven  o'clock  he  went  home,  and  the  ncit 
morning  he  was  found  dead  in  his  chair;  his  watch,  which 
he  must  have  been  in  the  act  of  winding,  having  fallen  open 
at  his  feet     He  had  died  of  apoplexy. 

As  we  shall  not  be  able  to  return  again  to  the  subject  of 
sound,  it  may  be  well  to  state  here,  that  great  advances  have 
been  made  in  it  during  the  nineteenth  century,  especially  by 
Professor  Helmholtz,  who  has  worked  out  the  theory  of 
musical  sounds  most  completely,  has  also  explained  very 
fully  the  structure  of  the  ear,  and  the  manner  in  which  the 
vibrations  affect  it 

Chief  Works  consulted, — Sauveur,  *  Memoires ;  Acad,  des  Sciences,' 
1 701 -1 707;  Fdtis,  *Biog.  des  Musicians;*  Helmholtz,  '  SensatioDS of 
Tone;'  Tyndall,  *On  Sound;*  Chladni,  <Die  Akustik;'  Chladni, 
*  Endeckungen  iiber  die  Theorie  des  Kknges  ;*  Acad,  des  Sci.  1786. 
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CHAPTER    XXXI. 

SCIENCE  OF  THE  EIGHTEENTH  CENTURY  (CONTrNUED). 

Bndiey — Delisle  —  Lagrange — LipUi;e  —  Sir  WiUiam  Herschel  — 
Binify  Stara — Slar-Cliutcis  antl  Nebulre— Motion  of  our  SoU) 
System  diKiugh  Space- — Maskeljme  — Schehallion  Eupcriment — 
Summniy  of  ihe  Scieote  of  the  Eiyhtecnili  Century. 

Astronomical  LaboTirs  of  Bradley  and  Delisle. — And 
now,  as  we  approach  the  end  of  the  eighteenth  century,  we 
rotisl  lake  up  once  more  the  history  of  astronomy,  which 
we  have  neglected  since  Newton  died  in  1717-  Since  that 
time  many  good  astronomers  had  been  occupied  in  making 
different  observations,  but  tlie  only  two  who  need  be  men- 
tioned were  Bradley,  the  Astronomer- Royal  (bom  1692,  died 
1761),  and  Ddisle  (born  1688,  died  1768). 

Bradley  enplained  two  difficult  astronomical  problems  ; 
the  first  of  these  is  called  the  '  aberration  of  the  fixed  stars,' 
which  is  an  apparent  movement  of  each  fixed  star  In  a  small 
circle  in  the  heavens,  but  which  is  really  the  combined  effect 
of  the  yearly  motion  of  our  own  earth,  and  of  the  time 
which  light  occupies  in  coming  down  from  the  stars  to  us. 
His  second  discovery  is  that  of  the  nutation,  or  slight 
oscillation,  of  the  earth's  axis.  Both  these  observations 
are  difficult  to  understand,  but  it  is  necessary  to  bear  in 
mind  that  he  made  them,  for  they  are  very  important  in 
astronomy. 
'       Pelisle  will  interest  you  because  he  proposed  a  second 
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method  of  obser\-ing  the  transit  of  Venus,  which  is  now 
used  at  stations  wiiere  Haliey's  method  (see  p.  155)  cannot 
be  applied.  Delisle's  method  consists  in  marking  the  lime 
of  commencement  of  the  transit  in  one  part  of  the  world 
where  it  begins  earhest,  and  at  another  station  where  it  begins 
latest ;  instead  of  measuring,  as  Halley  did,  the  duration  or 
length  of  time  occupied  by  the  whole  transit  as  seen  at  each 
place.  Haliey's  method  requires  the  stations  to  be  widely 
apart,  east  and  west,  and  Delisle's,  north  and  south. 

These  advances  are  all  that  need  be  mentioned  during 
the  first  half  of  the  eighteenth  century,  but  during  that  time 
there  had  been  bom  within  a  few  years  of  each  other  ihtw 
men,  Lagrange,  Laplace,  and  Herschel,  who  were  lo  light  up 
the  close  of  the  century  with  the  most  brilliant  discoveries, 
The  two  first  of  these  were  Frenchmen,  the  last,  though  a 
German  by  birth,  may  almost  be  considered  English  as  farai 
science  is  concerned  ;  for  though  he  was  bom  at  Hanover  in 
.1738,  ofGerman  parents,  still  Sir  William  Herschel  came 
over  to  England  at  the  age  of  twenty-one,  and  all  his  dis- 
coveries were  made  here.  It  was  our  King  George  IIL 
who  gave  him  the  pension  which  enabled  him  to  devoic 
himself  to  science,  and  he  made  England  his  home  and 
country.  His  son.  Sir  Jolin  Herschel,  who,  like  his  father, 
was  one  of  our  greatest  astronomers,  was  bora  in  this 
country. 

Lagrange  and  IiBplaoe. — Louis  de  Lagrange  was  bom 
at  Turin  in  1736.  His  father,  who  had  been  Treasurer  of 
War,  lost  all  his  fortune  when  his  son  was  quite  a  child,  and 
Lagrange  often  said  that  it  was  partly  owing  to  this  mischance 
that  he  became  a  mathematician.  His  talent  showed  itself 
so  early  that  before  he  was  twenty  he  was  appointed 
Professor  of  Mathematics  in  the  Military  College  of  Turin, 
where  nearly  all  his  pupils  were  older  than  himsclE     From 
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Iherc  he  went  to  the  Academy  of  Sciences  at  Berlin,  and 
remained  twenty  years,  during  which  time  he  worked 
out  most  of  his  celebrated  problems.  In  1787  he  settled 
in  Paris,  where  he  died  in  1813,  at  the  age  of  seventy- 
seven. 

Pierre  Simon  Laplace  was  the  son  of  a  farmer,  and  was 
bom  at  Beaumont  en-Auge,  near  Honfleur,  in  1749.  He, 
100,  began  work  very  early  in  Ufe,  for  in  1769  the  famous 
geometer  lyAlembert  was  so  struck  with  his  talents  that  he 
procured  for  him  the  chair  of  Mathematics  in  the  Military 
School  of  Paris,  and  from  that  time,  for  more  than  fifty  years, 
Laplace  devoted  himself  to  the  pursuit  of  science,  never 
letting  his  active  life  as  a  politician  interfere  with  his 
scientific  studies.     He  died  in  1827. 

The  work  which  was  done  both  by  Lagrange  and  Laplace 
in  astronomy  was  purely  mathematical,  and  dealing  as  it  did 
with  some  of  the  most  complicated  movements  of  the 
heavenly  bodies,  it  cannot  be  rigiitly  understood  by  any  but 
mathematicians.  But  some  general  idea  may  be  formed  of 
the  problems  they  solved,  and  we  will  take  these  in  the 
ord^r  of  time,  for  they  treated  so  much  of  the  same  ques- 
tions, one  taking  up  the  subject  where  the  other  left  it,  that 
it  is  difficult  to  separate  their  work. 

UbratioD  of  the  Hoon  accounted  for  b?  Lagrange, 
1764-1780. — Long  before  the  time  of  Lagrange  it  had  been 
known  from  observation  that  the  moon  always  turns  the 
same  side  of  her  globe  towards  our  earth  as  she  goes  round 
it,  so  that  we  never  see,  and  never  can  see,  more  than  one 
side  of  her  surface,  so  long  as  she  has  the  same  movement 
a&  at  present.  In  1764  the  Acaddmie  des  Sciences  offered 
a  prize  for  a  complete  explanation  of  this  curious  fact,  and 
Lagrange  was  thus  led  to  study  the  question,  which  he 
solved  quite  satisfactorily  in  1780. 
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Many  people  find  it  very  difficult  to  understand  how  the 

moon  can  be  always  turning  round  upon  her  own  axis,  as  a 

top  spins,  and  yet  always  keep  the  same  side  towards  us; 

therefore,  it  will  be  as  well  to  make  a  simple  experiraenl 

which  explains  it  quite  clearly.     Take  a  round  ball  and  stick 

a  pin  in  one  side  of  it,  then  turn  the  ball  slowly  round  like  a 

teetotum,  and  notice  as  it  goes  round  that  the  pin  pobts 

successively  to  each  of  the  sides  of  the  room  one  after  the 

other;  then  sew  a  piece  of  cotton  to  the  side  of  the  ball 

opposite  the  pin,  and  fasten  the  other  end  down  to  the 

table  (as  at  E,  Fig.  55).    If 

you  now  roll  the  ball  round 

the   table,   you   will  observe 

that  the    pin  points   to  each 

Di>gtam  ihaving  why  one  lide  of  the   Side  of  the  room  in  succes- 

Moon  u  arw.ji  lumed  lownrds  ihe   gion,  OS  it  did  before,  showing 

II,  Bsu  repraentme  ihc  moon.  ■,  Poiiii   that  it  has  been  turning  sloolj 

>'p^»"tL'k'iiS"iZrf'i'^'^   once  upon  its  own  axis  while 

whidi  it  novB  mmed  to»r»rdi  ih*    going  once  round  the  point  t, 

"^'  and  that,  for  this  reason,  the 

same  side  has  been  facing  E  all  the  time. 

This  is  the  case  with  the  moon  as  she  travels  round  our 
earth,  and  Lagrangt  proved  mathematically  that  it  must  be 
so,  as  Newton  had  already  suggested,  if  the  moon's  equator 
is  not  circular,  but  in  the  form  of  an  ellipsoid,  as  in  thai 
case  its  longer  axis  would  be  acted  on  by  the  attraction  <rf 
the  earth  so  as  to  keep  it  always  in  the  same  direction. 
But  Lagrange  also  showed  that  as  the  moon  moves  i 
ellipse  round  the  earth,  and  therefore  goes  at  one  time  ft 
little  faster,  and  at  another  a  little  slower,  while  her  rotation 
on  her  own  axis  does  not  vary,  she  does  not  keep  always 
exactly  the  same  face  towards  us,  but  we  catch  bttle  glimpset 
farther  round  her  globe,  sometimes  on  one  side  and  some- 
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times  on  the  other.  This  balancing  movement  is  called 
the  libralion  of  the  moon. 

Iiaplace  works  out  the  Long  Inequalit?  of  Jupiter 
and  Saturn,  1774-1783. — The  next  calculalion  about  the 
planets  was  made  by  Laplace,  and  is  more  dtllicult  to  under- 
stand. You  will  remember  that  Newton  showed  that  every 
planet  attracts  every  other  planet,  and  has  some  effect  upon 
its  path  round  the  sun.  Now  it  had  been  found,  by  cotn- 
paiing  old  astronomical  tables  with  later  ones,  that  these 
diCTerenl  attractions  had  altered  some  of  the  ellipses  in 
which  the  planets  move  ;  and  both  Lagrange  and  a  cele- 
brated mathematician  named  Euler  had  tried  to  cakuiate 
these  changes  and  find  out  whether  the  planets  would  ever 
come  back  into  their  old  places.  Laplace,  however,  carried 
the  calculation  farther  than  either  Lagrange  or  Euler  had 
done,  and  he  showed  that  the  whole  machinery  does  work 
round  in  the  course  of  a  long  period.  Only  two  planets, 
Jupiter  and  Saturn,  did  not  seem  to  follow  this  general  law, 
but  behaved  in  a  very  eccentric  manner;  for  it  appeared 
that  during  the  seventeenth  century  Jupiter  had  been 
moving  more  quickly  every  year  and  Saturn  more  slowly. 
If  this  went  on,  it  was  clear  that  Jupiter  would  draw  nearer 
to  the  sun,  and  at  last  fall  into  it,  while  Saturn  would  go 
farther  off,  and  disappear  entirely  from  our  system,  and 
this  would  upset  the  balance  of  our  planets,  and  might  lead 
eventually  to  our  being  all  drawn  into  the  sua 

This  was  a  very  serious  question,  and  it  was  a  grand  step 
when  Laplace  answered  it,  and  showed  that  there  was 
nothing  to  fear,  for  that,  odd  as  their  movements  ajipear, 
these  two  planets  really  obey  the  law  of  gravitation,  and 
will  return  to  their  old  places  like  the  other  planets  after  an 
immensely  long  period.  He  showed  that  their  irregularity 
^■jses  from  the  fact  that  Jupiter  travels  two-and-a-half 
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round  the  sun  while  Saturn  travels  once,  and  on  this  account 

Jupiter  is  always  overtaking  Satum,  so  that  the  two  planets 
are  often  near  together,  or  in  conjunction,  as  it  is  called, 
When  this  happens,  they  pull  each  other  so  strongly  thai 
they  are  drawn  each  out  of  its  proper  path.  If  they  always 
met  in  the  same  places,  and  so  were  pulled  in  exactly  the 
same  direction,  they  would  never  right  themselves  a^in  1 
but  as  Jupiter  does  not  quite  make  three  rounds  while 
Salurn  makes  one,  their  points  of  meeting  vary  a  little  each 
time,  and  this  brings  them  round  at  last  to  their  old  pos- 
tions.  Laplace's  calculation  of  this  movement  is  called 
tlie  long  inequality  of  yupiter  and  Satum. 

Laplace  also  discovered  the  reason  why  the  moon  goes 
on  for  a  long  time  moving  more  and  more  quickly  round 
our  earth,  and  then  gradually  more  and  more  slowly.  THs 
problem,  which  is  too  long  to  examine  here,  was  the  last 
which  remained  to  complete  the  proof  that  Newton's  theoiy 
of  gravitation  would  account  for  all  the  movements  of  the 
heavenly  bodies. 

Iiagrauge  proves  the  Stability  of  the  Orbits  of  the 
Flaneta,  1776. — And  now,  in  the  year  1776,  came  La- 
grange's great  conclusion.  He  and  Laplace  had  worked  hand 
in  hand,  proving  more  and  more  at  every  step  how  beauti- 
fully all  the  heavenly  bodies  move  in  order,  so  that  an 
equal  balance  is  preserved  between  them  all.  Al  last 
Lagrange,  taking  up  all  the  known  facts  and  uniting  them 
in  one  grand  mathematical  problem,  proved  that  whatever 
might  be  the  changes,  and  they  arc  almost  infinite,  caused 
by  all  the  attractions  of  the  different  planets  on  each  other, 
yet  in  the  course  of  long  ages  every  part  of  the  solar 
system  remains  stable.  Each  planet  has  its  appointed  road 
along  which  it  travels,  through  many  twists  and  turnings, 
but  from  which  it  cannot  escape,  for  the  grand  force  of 
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I  fiantation  holds  them  all  in  one  eternal  round  about  their 
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^m         These  are  some  of  the  problems  solved  by  Lagrange  and 

U     Zjplace.     You  cannot  expect  to  understand  their  full  signi- 

K    ficance,  nor  must  you  imagine  that  these  few  pages  contain 

H   ttiore  than  a  very  small  fraction  of  the  work  which  these 

H  tvo  mathematicians  accomplished.      Laplace   made  some 

F    beautiful  calculations  explaining  the  theory  of  the  tides,  and 

you  will  also  often  hear  him  mentioned  as  tlie  author  of  the 

'  Nebular  Hypothesis,"  by  which  he  taught  that  our  earth 

and  all  the  planets  were  in  the  beginning  formed  by  the 

condensation  of  gases  and  fluid  matter.      All  this,  which  is 

too  difficult  to  enter  upon  here,  is  discussed  in  his  famous 

work,   the  '  Mecanique  Celeste,' published  in   1799.     But 

the  main  points  to  be  remembered  are  that  Lagrange  and 

Laplace  proved  the  regular  order  of  the  movements  of  the 

planets,  and  explained  all  those  anomalies  which  had  seerned 

to  be  out  of  harmony  with  Newton's  theory  of  gravitation, 

Sir  William  Hersohel  oonstructa  his  own  Tele- 
■oopea,  and  diaoovers  Uranua,  1781. — William  Her- 
scbel,  who  was  bom  in  1738,  was  one  of  ten  children. 
His  father,  who  was  an  eminent  musician,  brought  him  up 
to  follow  his  own  profession,  and  when  William  came  over 
10  England  with  his  regiment,  he  started  in  life  as  a  teacher 
of  music.  The  first  three  years  in  this  country  were  j'ears 
of  hard  struggle  and  privation,  but  at  last  he  was  appointed 
or;ganist  at  Halifax  in  Yorkshire,  and  from  there  he  went  in 
1766  10  Bath,  where  he  soon  became  known  as  a  talented 

Inustdan,  pbying  in  the  Octagon  Chapel  and  at  concerts 
•nd  parties  with  immense  success,  and  attracting  a  large 
munber  of  private  pupils. 


I  This  hypothois  had,  however,  been  elaborated  before 
e  by  tbe  celebrated  philosopher  Kant. 
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It  was  at  this  time,  in  the  midst  of  active  work  which 
kept  him  fully  occupied  all  the  day,  that  Herachel  began 
those  nightly  observations  which  have  made  his  name 
famous.  His  interest  was  at  first  excited  by  seeing  the 
stars  through  a  small  telescope  only  two  feet  in  length  ;  and 
his  desire  was  so  great  to  be  able  to  penetrate  farther  into 
the  starry  depths,  that  he  sent  to  London  to  order  a  large 
telescope.  When  the  answer  came,  however,  he  found  that 
the  price  of  the  instrument  was  quite  beyond  his  means 
and  so  determined  was  he  to  carry  out  his  project,  that  he 
set  to  work  to  construct  a  telescope  with  his  own  hands. 
The  first  one  answered  so  well  that  he  made  several  others, 
and  at  fast  succeeded  in  completing  one  forty  feet  long. 

From  that  time  he  spent  the  greater  part  of  every  night 
in  observing  the  stars,  and  on  March  13,  1781,  when  he 
was  examining  some  near  the  constellation  Gemini,  or  the 
'  Twins,'  he  caught  sight  of  one  star  more  conspicuous 
than  those  around  it  Struck  by  its  size,  he  put  a  stronger 
magnifying  power  on  to  his  telescope,  and  found  to  his 
surprise  that  this  star  became  larger,  while  those  round 
it  remained  as  small  as  before.  Now  the  fixed  stars  are  so 
far  off  that  no  magnifying  power  makes  any  difference  io 
their  apparent  size  ;  so  Herschel  began  to  suspect  that  this 
must  be  a  body  very  much  nearer  to  our  earth  than  the 
stare  which  surrounded  it.  This  led  him  to  watch  it,  and  he 
soon  found  that  instead  of  being  fixed  it  moved  onward* 
steadily.  He  thought  at  first  that  he  had  discovered  1 
comet,  but  it  was  not  long  before  his  wandering  star 
proved  to  be  a  new  planet,  moving  round  the  sun  outside 
Saturn,  lliis  planet  is  about  half  the  size  of  Saturn,  and 
takes  more  than  eighty-four  years  to  go  once  round  the  sun. 
It  was  first  called  the  'Georgian  star,"  after  Geoige  III.; 
then  it  was  called  '  Herschel,'  after  its  discoverer ;  and  lastly 


it  received  the  name  Uranus,  which  it  sliil  retains.  It  was 
through  this  discovery  that  Herschel  became  known,  and 
George  III.  gave  him  a  pension  of  300  guineas  a  year,  and 
a  house  near  Windsor,  in  order  that  he  might  devote  him- 
self entirely  to  astronomy. 

Star-gBuging  and  Diacovary  of  Binary  Stars,  1781- 
1802. — One  of  ihe  first  tasks  which  Herschel  undertook  was 
to  divide  the  stars  into  groups,  according  to  their  brightness, 
and  lo  gauge  the  heavens  by  estimating  the  number  of  stars 
of  each  order  of  brightness,  thus  endeavouring  to  estimate 
the  profundity  of  space.  While  he  was  thus  gauging,  or 
measuring  the  distance  of  the  stars  by  the  intensity  of  their 
bght,  his  attention  was  arrested  by  some  which  appear 
single  when  seen  through  a  small  telescope,  but  which  prove 
to  be  two  stars  when  they  are  greatly  magnified  A  few  of 
these  double  stars  were  known  already  when  Herschel  began 
to  observe  ihem,  but  he  soon  detected  no  less  than  500 
scattered  about  in  different  parts  of  the  sky. 

Now  it  had  always  been  believed  that  the  reason  why 
these  stars  appeared  close  together  was  because  one  was 
almost  directly  behind  the  other  a  long  way  off,  just  as  two 
posts  standing  one  at  some  distance  behind  the  other  will 
appear  to  touch  if  they  are  nearly  on  a  line  with  your  eye. 
But  this  eiq>!analion  did  not  satisfy  Herschel,  for  he  obser\'ed 
thai  many  of  the  double  stars,  instead  ofmerely  passing  to  and 
fro  in  a  straight  line  across  each  other,  as  they  would  appear 
to  do  in  consequence  of  the  movement  of  our  earth  in  its 
orbit,  had  another  peculiar  curved  motion,  as  if  they  were 
both  moving  round  some  point  half-way  between  Ihem. 
This  movement  was  so  slow  that  it  was  twenly-five  years 
before  he  could  be  sure  about  it ;  but  at  the  end  of  this 
time  he  was  able  to  tell  the  Royal  Society  that  these  double 
^■V  Unary  stars,  as  they  are  called,  are  not  one  behind  the 
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Other,  but  are  actual  pairs  of  stars  moving  round  and  round 
each  other,  as  if  they  were  connected  by  a  rod  suspended  by 

its  centre,  and  then  set  revolving ! 

To  understand  how  great  a  discovery  this  was,  it  ii 
necessary  to  bear  in  mind  that  Newton  had  only  been  able 
to  prove  that  gravitation  acts  between  the  sun  and  the 
planets ;  but  here  was  a  reason  for  believing  that  even  in 
the  far-off  stars,  millions  of  miles  away  from  our  system,  the 
same  force  is  holding  distant  suns  together,  and  keeping 
them  in  their  orbits.  This  great  discovery  has  been  still 
more  clearly  proved  by  later  investigations,  and  groups  of 
two,  three,  and  even  more  stars  are  now  known,  in  which 
these  bodies  revolve  round  a  common  centre,  held  together 
by  the  force  of  gravitation. 

HerBchel  studies  Star-clusters  and  Hebulsc,  178fl.— 
The  next  discovery  which  Herschel  made  was  quite  as 
remarkable  as  that  of  the  binary  stars.  As  long  ago  a 
lime  of  Ptolemy  (138  A.D.)  five  curious  stars  had  been 
observed,  which  he  called  'cloudy  stars,'  because  they 
looked  as  if  they  were  covered  by  a  mist ;  and  the  number 
of  these  cloudy  masses  had  been  increased  by  different 
astronomers  as  time  went  on.  When  Herschel  turned  his 
attention  to  them  he  discovered  so  many  that,  in  J  786, 
he  published  a  catalogue  of  no  less  than  a  thousand,  and 
added  fifteen  hundred  more  a  few  years  later  !  Some  of 
these  bodies,  such  as  the  bright  spot  called  the  '  beehive,'  ia 
the  constellation  Cancer,  were  simply  clusters  of  stars  which 
could  be  seen  distinctly  through  a  telescope.  In  others  the 
separate  stars  could  not  be  seen  even  with  the  Strongest 
magnifying  power,  but  llie  group  looked  so  much  more 
distinct  through  a  powerful  telescope  than  through  a  feeble 
one,  that  it  seemed  most  likely  the  stars  were  there,  if 
Ihey  could  be  distinguished.     But  a  third  set  of  cloudy 
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bodies  did  not  appear  in  the  least  more  separated,  even  with 
the  largest  telescopes,  and  these  Herschel  called  nebulce  or 
clouds,  because  he  believed  they  were  made  up  of  mere 
masses  of  matter  which  had  not  yet  formed  themselves  into 
stars. 

It  was  at  this  point  that  the  grand  thought  forced  itself 
upon  his  mind  that  in  these  nebulae  we  might  be  looking 
at  the  actual  beginning  of  new  worlds  :  and  that  the  creation 
of  the  different  bodies  of  the  universe  was  not  begun  and 
finished  long  ages  ago,  but  is  even  now  going  on  under  our 
eyes.  The  nebulas  he  believed  to  be  composed  of  star- 
matter,  out  of  which  stars  might  be  slowly  forming,  so  as  to 
be  first  seen  scattered  Hke  minute  points  in  some  of  the  more 
hazy  star-clusters,  and  then  clearly  visible,  as  in  the  '  bee- 
hive '  in  the  constellation  Cancer,  In  those  days  Herschel 
could  get  very  few  astronomers  to  believe  in  this  idea,  but 
you  will  see  in  the  history  of  the  nineteenth  century  how  the 
discoveries  of  the  spectroscope  (see  p.  339)  have  proved  that 
the  light  of  some  of  the  nebulas  comes  from  incandescent 
gaseous  matter ;  so  that  it  becomes  extremely  probable  that 
lierschel  was  right,  and  that,  in  far  distant  space,  star- 
mist  is  forming  into  stars,  and  creating  new  suns  to  illumin- 
ate the  universe. 

The  Uotioa  of  our  Solar  SyBtem  through  Space, 
176S. — The  third  and  last  theory  which  we  can  mention  as 
coming  from  Sir  VVilliam  Herschel  is  that  of  the  motion  ol 
our  sun  through  space.  In  1783  he  showed  from  a  study 
of  the  astronomical  catalogues  of  past  centuries  that  the  stars 
do  not  stand  in  exactly  the  same  places  with  regard  to  us  as 
they  did  in  ages  gone  by,  and  that,  therefore,  either  we  or 
they  must  be  moving  through  space.  Now,  when  everything 
around  you  appears  to  be  moving  backwards,  it  is  most 
likely,  to  say  the  least,  that  it  is  you  who  are  moving  forwards. 
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and  not  that  all  other  things  are  in  motion ;  therefore  Her- 
sche!  concluded  that  the  reason  of  the  apparent  change  in 
the  place  of  the  stars  was  the  real  movement  of  our  sun  and 
its  planets  among  them. 

But,  if  such  were  the  case,  then  there  ought  to  be  one 
point  straight  in  front  of  our  path  which  would  not  appor 
to  move  ;  for  if  you  walk  into  a  forest,  you  will  observe  thai 
the  trees  on  either  side  appear  to  spread  farther  and  farthct 
apart  as  you  approach,  but  that  those  exactly  in  front  of  yon 
will  not  seem  to  change  their  places.  Now  Sir  W,  Herschel 
found  one  point  in  the  sky,  in  the  constellation  Hercules, 
where  the  greater  number  of  the  stars  do  not  appear  to  mm'e, 
while  those  to  the  right  and  the  left  seem  lo  be  gliding  off 
each  in  their  own  directioa  He  therefore  concluded  that 
our  sun  is  carrj'ing  the  earth  and  the  other  planets  straight 
towards  this  point  in  the  constellation  Hercules.  The  rate 
at  which  this  movement  goes  on  is  not  accurately  known, 
but  it  must  be  very  great,  probably  at  least  as  much  as 
150,000,000  miles  every  year. 

And  here  we  must  leave  the  discoveries  of  this  great 
astronomer,  although  we  have  only  glanced  at  them  very 
superficially.  The  immense  strides  in  astronomy  made  by 
Laplace,  Lagrange,  and  Herschel  cannot  be  understood  in  a 
moment ;  and  1  wish  you  always  to  remember  that  you  ca& 
only  gather  crumbs  of  knowledge  from  this  book,  which 
may,  I  hope,  lead  you  to  long  and  seek  for  more  solid  food 
Before,  however,  we  take  leave  of  Sir  W.  Herschel,  we 
must  not  forget  to  mention  the  faithful  assistant  who  was 
great  a  help  to  him  in  his  labours. 

When  George  III.  gave  Herschel  his  home  and  pensioDi 
the  astronomer  sent  to  Hanover  for  his  sister  Caroline,  and 
she  lived  with  him  and  received  a  small  salary  as  his  assist 
ant     She  shared  his  night-watches  and  mapped  down  the 
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stais,  star-clusters,  and  nebulae,  as  he  came  across  them 
with  his  slowly-moving  telescope ;  she  helped  to  draw  up 
his  catalogues,  to  write  his  papers,  and  to  make  his  calcula- 
tions. In  a  word,  she  fulfilled  one  of  the  highest  duties  of 
a  woman,  in  becoming  the  patient  helpmate  of  a  great  and 
noble  mind  ;  and  for  this  reason,  although  she  never  sought 
fame  for  herself,  the  name  of  Caroline  Herschel  will  always 
be  associated  with  the  labours  of  our  great  astronomer.  Sir 
William  died  in  1823,  in  his  eighty-fourth  year,  leaving 
behind  him  a  son,  the  late  Sir  John  Herschel,  who  will  be 
mentioned  in  the  next  chapter. 

Determination  of  the  Density  of  the  Earth  by  the 
Scheballion  Experiment,  1774. — After  speaking  of  the 
wocdets  of  the  vast  universe,  and  of  suns  so  distant  that  we 
cannot  even  guess  at  the  space  which  lies  between  them 
and  us,  we  must  now  come  back  to  our  little  planet  and 
mention  a  remarkable  experiment  which  was  made  in  1774 
by  Maskelyne,  who  was  tlien  Astronomer- Royal  of  England. 
This  was  the  finding  out  of  the  weight  of  the  earth  com- 
pared to  its  size,  or,  in  other  words,  the  daisity  0/  the  earth. 

If  our  globe  were  made  of  one  material,  it  would  be  easy 
to  weigh  a  small  piece  and  multiply  that  by  the  size,  which 
we  know  pretty  accurately,  and  so  to  get  at  the  weight  of 
the  whole.  But  as  the  rocks  of  the  earth's  crust  differ  very 
much  in  weight,  and  we  do  not  know  what  the  middle  of 
the  globe  is  made  of,  this  plan  is  not  possible.  We  know, 
however,  that  every  atom  of  matter  has  the  power  of  attrac- 
tion, so  that  if  we  could  find  out  how  much  attraction  our 
earth  possesses,  by  comparing  Jt  with  the  attraction  of  some 
other  body  which  we  can  weigh,  then  we  could  arrive  at  the 
weight  of  the  earth. 

Now  Newton,  in  his  '  Principia,'  had  pointed  out  that  a 
Itimb-line,  that  is,  a  piece  of  string  with  a  weight  of  lead  at 
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the  end  of  it,  will  not  point  straight  to  the  centre  of  the 
earth  when  it  is  held  near  a  mountain,  because  the  moun- 
tain attracts  the  lead  and  draws  it  slightly  towards  itself 
Therefore,  if  the  size  and  weight  of  the  mountain  wtrt 
known,  and  it  were  also  known  how  great  its  pull  is  com- 
pared to  the  pull  of  the  whole  earth,  this  would  enable  a 
mathemakician  to  calculate 
the  weight  of  our  entire  globe. 
A  man  named  Bouguer 
was  the  first  to  make  this  et- 
perinient  near  a  high  mouo- 
tain  in  Peru  in  173S,  but  he 
succeeded  very  imperfectly, 
and  in  1772  Maskelyne  pro- 
posed to  the  Royal  Society 
to  repeat  the  observation. 

Accordingly,  he  went  in 

1774,  to  a  very  high  mountain 

f-po  ;6.  called  Schehallion,  near  Loch 

ScheWiioD  Ecperiifiirni  fgr  utitrniting   Tay,  in  Perthshire,  and  there 

th=D«siiyof<h=E»r.h(H™hei).      j^g  measured  the  inclination 

A  &  SurrAcc  oT  the  earth,    ti,  c.  t»,  An?le  ,  r    \         i        i    ,< 

(onnra  \ii  Ihe  1*0  plumb-linci  poinl-     O""  ^lope  of  the  piumb-Ime  00 

log  lo  ihe  centre  of  ihe  HTih.   «,  G,    gad,  gj^g  pf  j^e   mountalo. 

■,  Angle  farmed  br  Itac  two  plumb- 

ibes  ohen  drawn  iside  by  Uie  mouD-    You  Will  remember  that,  ac- 
""■^  cording    to     the    theory    of 

gravitation,  the  lead  at  the  end  of  the  line  would 
point  straight  to  the  centre  of  the  earth  c  if  the  mountain 
did  not  disturb  it;'  and  if  the  plumb-line  is  taken  to  two 
places  a  certain  distance  apart  and  its  inclination  measured 
by  means  of  one  of  the  stars  overhead,  it  is  easy  to  find  out 

'  This  is  not  slrialy  true,  on  accounl  of  bulge  al  ihe  eqiuior 
llatlening  of  the  poles ;  bul  the  discrepancy  is  of  no  importuuz  lo 
argument. 
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exactly  how  much  the  lines  d  f  will  slope  towards  each 
other  when  no  mountain  is  between  them.  This  measure- 
ment being  known,  Maskelyne  then  made  two  observations, 
one  on  each  side  of  Schehallion,  and  found  that  in  this  case 
the  inclination,  instead  of  being  from  d  to  f  on  each  side, 
was  from  E  to  f.  because  the  mountain  drew  the  lead  to- 
wards itself  on  either  side.  So  the  deflection  E  f  d,  through 
which  the  plumb-line  was  drawn  from  the  perpendicular, 
showed  the  difference  between  the  pull  of  the  whole  earth 
and  the  pull  of  the  mountain. 

Then  Dr.  Hutton.  the  celebrated  geologist,  set  to  work 
to  find  out  the  size  and  weight  of  Schehallion.  This  he  did 
by  surveying  it  and  measuring  it  in  every  direction,  and 
then  taking  pieces  of  the  different  rocks  it  contained  and 
weighing  them  carefully.  When  this  was  done,  it  was  found 
that  the  mountain  pulled  half  as  strongly  in  comparison  to 
its  siife  as  the  earth  did  for  its  size.  This  showed  that  the 
materials  in  the  mountain  were  half  as  heavy  as  the  average 
of  those  in  the  earth  generally,  and  as  they  were  also  about 
z^  times  as  heavy,  bulk  for  bulk,  as  water,  it  was  proved  that 
the  whole  globe  is  about  five  times  heavier  than  it  would  be 
if  it  was  made  entirely  of  that  fluid. 

This  calculation  must  be  very  near  the  truth,  for  the 
chemist  Cavendish  obtained  nearly  the  same  result  froni 
quite  a  different  experiment  made  with  suspended  balls. 
This,  which  is  called  the  '  Cavendish  experiment,'  is  too 
difficult  to  explain  here.  In  our  own  times,  Francis  Baily, 
Sir  Henry  James,  Sir  Edward  Sabine,  and  others,  have  re- 
pfiited  these  observations,  and  found  them  to  be  correct 

Summary  of  the  Soience  of  the  Eighteenth  Century, 
— This  sketch  of  the  advance  of  astronomy  brings  us  to  the 
end  of  the  science  of  the  eighteenth  century  ;  for  although 
(he  greater  number  of  the  eminent  scientific  men  of  our  day 
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were  bora  before  the  year  1800,  yet  their  works  belong 
chiefly  to  the  nineteenth  century.  Before  going  farther, 
therefore,  we  must  now  look  back  and  see  how  far  science 
has  travelled  since  our  summary  of  the  seventeentli 
century. 

Biology,  or  the  science  of  life,  had  made  great  progress. 
It  liad  been  enriched  by  the  study  of  organic  chemistry., 
founded  by  Boerhaave,  by  which  we  learn  the  elements  of 
which  living  bodies  are  composed ;  by  a  more  complete 
knowledge  of  anatomy,  or  the  structure  of  the  body  in  all 
its  most  minute  pans,  as  Haller  studied  and  represented 
them  in  his  anatomical  works;  and  by  a  knowledge  of 
comparative  anatomy,  as  taught  by  John  Hunter,  or  the 
comparison  of  each  organ  as  it  appears  in  different  beings, 
from  the  lowest  animal  up  to  man.  But  even  now  the  chief 
point  remains  to  be  mentioned,  for  all  these  are  of  little  use 
without  the  study  of  physiology,  or  the  science  of  living 
beings,  in  which  we  must  not  only  !eam  the  great  facts  of 
the  working  of  our  own  bodies  and  those  of  animals,  but 
must  take  into  account  the  strange  freaks  of  nature  taught 
us  by  the  experiments  of  Bonnet  and  SpalJanzanl  In  the 
history  of  the  nineteenth  century  we  shall  have  to  consider 
some  of  these  facts,  and  see  how  Cuvier,  Lamarck,  and 
Darwin  have  carried  out  the  study  of  physiology  to  great 
results  in  our  own  day.  But  we  have  still  more  to  include 
under  Biology.  After  learning  the  nature  of  living  beings, 
we  must  have  some  order  of  arrangement  by  which  we  can 
distinguish  them.  Here  we  come  to  the  work  of  Linnxus, 
one  of  the  grandest  men  of  the  eighteenth  century.  liVhile 
Buffon  was  popularising  natural  history,  we  find  the  great 
Swede  patiently  working  out  all  the  minute  characters  and 
general  features  of  animals  and  plants,  and  reducing  the 
whole  kingdom  of  life  into  such  beautiful  order,  that  after- 
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his  time  it  could  be  studied  accurately  and  usefully  by  all 
who  cared  to  lake  time  and  trouble. 

Thus,  even  without  mentioning  ihe  science  of  medicine, 
which  had  grown  far  beyond  our  power  of  following  \\.  up ;  or 
the  wonderful  work,  with  the  microscope,  which  had  increased 
rapidly  since  the  days  of  Grew  and  Malpjghi,  biology  grew 
during  the  eighteenth  century  into  a  group  of  sciences,  the 
works  upon  which  would  fill  a  library,  and  each  branch  of 
which  requires  ihe  study  of  a  Ufetime  to  ma.ster  it, 

Geology.— Side  by  side  with  biology  arose,  about  this 
time,  ibe  modest  and  almost  unnoticed  iciaut  of  the  earth, 
then  generally  called  physical  geography,  but  now  known  as 
Geology.  This  was  a  small  seed  sown  in  the  eighteenth 
century,  to  grow  into  a  large  tree  only  in  our  time ;  yet  it 
was  a  great  step  when  Scilla  insisted  that  fossils  were  the 
remains  of  living  beings,  and  that  the  rocks  containing  them 
were  formed  gradually  under  lakes  or  seas.  And  when 
Werner  taught  men  to  study  the  earth's  crust,  and  Hutton 
forced  them  to  see  that  Nature  is,  and  has  always  been, 
building  up  our  present  world  out  of  the  ruins  of  the  past, 
the  foundations  were  laid  for  the  real  study  of  the  earth  and 
its  format iotu  Meanwhile  \Villiam  Smith  toiled  over 
EngLind,  mapping  out  the  position  of  each  rock  as  he  saw 
it,  and  thus  he  led  the  way  to  a  long  series  of  careful 
observations,  by  which  the  whole  geology  of  England  has 
been  worked  out. 

Ctaemifltry. — But  the  science  which  before  all  stands 
forth  in  the  eighteenth  century  is  ehemistry ;  for  here  the 
discovery  of  the  different  gases  led  to  certainty  where  all  had 
been  guess-work  before,  showing  the  actual  chemical  changes 
which  are  taking  place  on  all  sides  in  the  world  around  us, 
and  teaching  men  to  weigh  and  test  invisilile  substances,  and 
not  to  rest  saiislied  with  their  knowledge  of  any  substam:a 
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till  they  have  traced  it  home  to  its  first  and  simplest  elements. 
We  need  not  recapitulate  here  the  different  discoveries  of 
Scheele,  Bergmann,  Black,  Cavendish,  Priestley,  and  La- 
voisier. You  will  remember  how  they  all  helped  to  overthrow 
the  theory  of  Phlogiston,  and  to  prove  that  combustion  and 
respiration  are  merely  chemical  changes  taking  place  between 
different  substances  and  the  oxygen  of  our  atmosphere ;  and 
this  truth  is  the  starting-point  of  modern  chemistry, 

PhysicB.- — In  physics  the  three  subjects  in  which  we 
have  noticed  advances  are  those  of  sound,  heat,  and  eUi- 
tridty.  In  the  first  of  these  the  interest  is  chiefly  theoreti- 
ca),  and  we  learn  how  the  melodies  and  harmonies  which 
are  so  pleasing  to  our  ears  are  the  result  of  vibrations  act- 
ing under  fixed  laws,  so  that  we  can  calculate  with  the 
greatest  exactness  what  are  the  movements  of  any  particular 
body  giving  out  a  musical  sound,  and  can  even  convert  the 
sound,  as  it  were,  into  a  visible  figure  in  which  we  can  read 
the  history  of  the  note's  production.  The  discoveries  in 
other  two  subjects,  heat  and  electricity,  are  of  great  praaical 
interest,  and  have  caused  greater  changes  throughout  the 
world  than  any  previous  discoveries,  When  Black  proved 
the  amount  of  heat  which  is  lying  hid  in  water  and  in 
steam,  and  when  Watt  applied  it  to  the  steam-engine,  a 
giant  power  was  bom  into  the  world  which  has  worked 
marvels.  Visit  any  of  the  little  towns  all  over  England  and 
see  the  machines  of  all  kinds  moved  by  the  simple  power  of 
steam ;  then  go  to  the  great  manufacturing  towns  and  s 
the  huge  engines  doing  the  work  of  thousands  of  horses, 
with  no  other  help  than  that  of  a  man  feeding  the  furnace 
with  coals.  Look  at  any  one  of  your  own  clothes,  at  the  iron- 
work in  all  pans  of  your  house,  from  the  rough  heavy  iron 
of  fireplaces  and  fenders  to  the  delicate  steel  spring  which 
moves  the  hands  of  your  walch  ;  look  at  the  planks  on  your 
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floors,  and  the  carpets  which  cover  them  !  All  these  have 
been  woven,  and  forged,  tempered,  sawn,  and  worked  by 
steam  machinery.  Then  lliiiik  of  the  way  in  which  people 
are  earned  from  one  place  to  another  of  the  world ;  so  that 

one  month  a  man  may  be  in  India,  and  the  next  in 
London ;  while  food,  clothing,  and  goods  of  all  kinds  are 
spread  over  different  countries  in  a  few  weeks  wherever  they 
most  wanted.  And  then  remember  that  all  this  has 
■prung  out  of  the  latent  heat  of  steam,  and  its  application 
by  Watt  to  the  steam-engine. 

The  next  discovery  is  perhaps  even  more  wonderful. 
Franklin  tries  experiments  upon  the  peculiar  power  known 
by  the  name  of  electridty,  and  he  suspects  that  it  is  every- 
where and  in  everything.     He  proves  its  transmission  from 

;  body  to  another,  and  finds  out  many  of  its  properties. 
In  spite  of  the  derision  of  his  friends,  he  seeks  to  bring  it 
down  from  the  sky,  and  succeeds  in  making  a  prisoner  of 
the  lightning  and  working  with  it  in  his  own  laboratory, 
'Calvani  next  finds  this  wonderful  power  hidden  in  the  nerves 
of  a  frog ;  while  Volta  crowns  the  whole  by  showing  that 
electricity  can  be  produced  by  two  metals  placed  in  a  little 
add  and  water,  and  that  this  can  be  carried  along  a  wire  of 
any  length  which  touches  the  battery  at  both  its  ends. 
Here  lies  hid  the  germ  of  the  electric  telegraph  ;  but  the 
.  pand  secret  of  carrying  messages  from  one  end  of  the 
world  to  another  in  a  few  moments  was  not  to  come  yet. 
That  remained  for  the  nineteenth  century  to  accomplish. 

A«tronom7. — Lastly  we  come  to  astronomy,  and  to 
some  of  the  most  tremendous  problems  in  the  working  of 
our  universe.  Here  we  find  Lagrange  proving  that  the 
system  of  our  sun  and  planets  is  self-regulating,  so  that  in 
^ite  of  all  its  infinite  changes  there  is  no  real  irregularity 
or  cbangeableness  in  its  machinery,  but  all  moves  in  one 


294  EIGHTEENTH  CEHTURY.  FT.  IIL 

perfect  and  constant  round.  Lsqplace  shows  the  reason  of 
those  irr^ularities  which  seemed  to  contradict  Newton's 
law  of  gravitation,  and  proves  that  they  are  all  explained  bjr 
that  law,  thus  completing  the  work  of  the  great  astroncxneL 
Then  Herschel  takes  up  the  story,  and  after  discovering  s 
new  planet,  he  studies  the  cloudy  nebulae^  and  points  out 
the  probable  formation  of  new  suns  going  on  now  in  fiff- 
distant  regions ;  he  pictures  our  own  sun  rushing  through 
space  at  the  rate  of  150,000,000  miles  a  year,  carrying  with 
it  our  earth  and  all  the  other  planets ;  and  above  all  he  traces 
the  law  of  gravitation  into  the  distant  star-worid,  and  shows 
it  there  holding  suns  together  and  causing  them  to  revolvt 
round  each  other.  And  so,  out  into  space  as  far  as  the 
mind  can  reach,  we  find  everlasting  order  reigning  throu^ 
out  the  visible  universe. 


List  of  Works  consulted, — Herschel's  'Astronomy  ;'  Arago,  *Vie 
et  travaux  de  Herschel/  1843;  Proctor's  'Essays  on  Astronomj,' 
*The  Universe/  'Other  Worlds  than  ours;*  Grant's  •  History  of 
Physical  Astronomy;'  Arago,  'Eloge  of  Laplace;'  Airy's  'Astro- 
nomy ;*  *  Encyclopaedia  Britannica  * — *  Astronomy  ;*  •  Orbs  of  Hca\"en,' 
Mitchell. 
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CHAPTER    XXXir. 

SCIENCE  OF  THE  NINETEENTH  CENTURY. 

Difficnltia  of  Contemporary  History — Olben  ^Asteroids  —  Encke's 

b    Cornet — Biela's  Cornel — Adams — Leverrier — Discovery  of  Ncplun 
— Sir  Jolin  Herscliel — Comets  and  Meteor- Systems. 


■  We  have  now  arrived  fairly  at  tlie  beginning  of  our  own 
<»ntury,  and  shall  have  lo  speak  of  events  which  happened 
as  it  were  but  yesterday,  and  of  men  whom  our  grandfathers, 
or  even  perhaps  our  fathers,  have  seen  and  known.  How 
arc  we  to  find  our  way  through  the  mass  of  discoveries 
which  have  been  made  in  every  science  during  the  last 
seventy  years,  or  to  make  our  choice  among  the  number  of 
famous  men  whose  names  we  meet  with  every  day  ?  We 
must  begin  at  once  by  recognising  that  it  is  impossible  to 
mention  all,  even  of  the  leading  points,  of  the  science  of 
our  time,  and  then  we  may  try  to  learn  a  few  of  them,  if  we 
do  so  with  a  clear  understanding  that  we  are  leaving  im- 
portant gaps  unfilled. 

There  are  two  special  difficulties  which  we  must  en- 
counter in  the  history  of  this  century ;  first,  we  cannot 
avoid  mentioning  the  work  of  some  living  men,  while  at  the 
same  time  we  omit  others  who  are  equally  eminent ;  and 
secondly,  we  must  speak  of  many  subjects  which  are  still,  as 
it  were,  on  their  trial,  and  which  will  not  be  finally  settled 
U  they  can  be  judged  dispassionately  by  future  generations. 
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I  have  tried,  however,  to  follow  as  Tar  as  possible  the  plan  I 
adopted  in  the  earlier  centuries,  of  mentioning  only  a  few 
great  men  whose  work  you  can  understand  and  follow  ;  and 
stating  on  doubtful  subjects  what  is  the  opinion  of  those  who 
are  best  able  to  judge  from  the  evidence.  Therefore  you 
must  constantly  bear  in  mind  that  this  last  portion  of  the 
book  cannot  be  said  to  contain  a  history  of  the  science  of 
the  nineteenth  century,  but  only  an  accouni  of  a  few  of  ihe 
leading  discoveries  and  theories  of  our  times  and  of  the 
men  who  made  them. 

Advance  in  Astronom;. — The  science  of  Astronomy, 
in  particular,  has  spread  far  beyond  our  power  to  follow  iL 
We  have  seen  that  astronomers,  up  to  the  end  of  the 
eighteenth  century,  were  always  striving  to  work  out  the  laws 
which  govern  the  movements  of  the  heavenly  bodies.  The 
key  to  this  problem  was  found  by  Newton,  and  the  work 
so  far  completed  by  Laplace  and  Lagrange  as  to  show  that 
even  those  planets  which  seem  to  have  the  most  iireguls 
orbits  are  really  governed  by  the  force  of  gravitation.  From 
that  time  astronomy  became  an  exact  science,  and  men  had 
only  to  make  their  calculations  with  perfect  accuracy 
order  to  be  able  to  foretell  what  was  going  to  happen  ;  or,  If 
they  failed,  then  they  knew  there  must  be  some  other  u^^ 
known  heavenly  body  (such  as  Neptune,  p.  303)  causing  the 
irregularity.  Therefore  the  science  of  astronomy  in 
century  has  been  chiefly  occupied  in  recording,  with  ever 
increasing  accuracy,  the  positions  of  the  heavenly  bodies 
sun,  moon,  planets,  and  stars ;  and  it  is  from  the  discussion 
of  these  observations  that  Leverrier  has  been  enabled  to 
produce  his  theories  of  the  planets,  and  that  Hansen, 
Pont^coulant,  Delaunay,  and  Adams  have  perfected  the 
theory  of  the  complicated  motion  of  the  moon.  And  side 
by  side  with  this  has  grown  up  a  new  study,  namely,  that 
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of  the  nature  of  the  sun,  planets,  stars,  comets,  meteore, 
etCL,  telling  us  what  they  are  like  in  themselves,  whether  they 
have  an  atmosphere  like  our  own,  and  of  what  materials 
they  are  made.  This  study  has  been  carried  on  partly  by 
powerful  telescopes,  but  chiefly  by  the  wonderful  method 
called  ipeclrum  analysis,  of  which  we  shall  speak  presently. 
Meanwhile  we  must  first  begin  by  naming  a  few  new  bodies 
lately  observed  in  the  heavens. 

Discovery  of  the  Asteroids  and  Minor  Planets  be- 
tween HarB  and  Jupiter,  1801-1807. — Not  long  after  the 
discovery  of  Uranus,  a  well-known  astronomer  named  Bode 
pointed  out  that  the  distances  of  the  planets  from  the  sun 
seemed  to  follow  a  remarkable  arithmetical  law.  The  only 
exception  to  this  law  was  between  Jupiter  and  Mars  ;  and 
here  the  gap  was  twice  as  large  as  it  ought  to  be  according 
to  the  calculation.  Therefore  astronomers  suspected  (as 
indeed  Kepler  had  suggested  more  than  200  years  before) 
that  there  must  be  a  planet  between  these  two  which  had 
not  yet  been  seen  ;  and  in  the  year  1 800,  at  a  meeting 
al  Ijlienthal,  in  Saxony,  ihcy  agreed  to  search  diligently  for 
this  supposed  missing  body. 

Signer  Piazzi,  the  Astronomer  of  the  Observatory  at 
Palermo,  in  Sicily,  was  one  of  these  planet  seekers,  and  on 
the  first  night  of  the  year  1801  he  caught  sight  of  a  small 
star  in  the  constellation  Taurus,  which  had  not  yet  been 
noticed  in  any  catalogue.  The  next  night  he  looked  for  it 
again,  and  found  that  it  had  moved  its  position.  He  did 
this  for  twelve  nights,  and  the  movement  seemed  to  show 
that  it  must  be  the  planet  he  was  seeking.  Just  at  this  point, 
however,  he  was  taken  ill,  and  although  he  had  lold  other 
astronomers  of  what  he  had  seen,  no  one  could  tind  the 
planet  again.  Months  passed,  and  people  began  lo  doubt 
..whether  he  had  not  made  a  mistake ;  but  at  last  a  young 
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German  astronomer,  named  Gauss,  set  to  work  to  okiilitf, 
from  the  facts  which  Piazzi  had  given,  whereabouts  in  the 
heavens  the  planet  ought  then  to  be,  and  turning  his  tek- 
scope  to  the  point,  there  he  found  it  1  This  planet  was 
called  Ceres;  it  was  very  small  compared  to  the  odier 
planets,  but  the  astronomers  were  satisfied  at  having  filkd 
up  the  supposed  gap. 

Before  two  years  had  passed  away,  however,  in  the  year 
1802,  Dr.  Olbers  of  Bremen  announced  that  he  had  found 
another  little  planet  near  Ceres,  which  he  called  Pallas,  and 
in  1804  a  third  was  found  by  another  astronomer  named 
Harding,  who  called  it  Juno.  It  seemed  very  strange  that 
so  many  bodies  should  be  moving  round  the  sun  at  nearlj 
the  same  distance  from  it,  and  Dr.  Olbers  suggested  that 
they  might  perhaps  be  parts  of  one  large  planet  which  had 
broken  up  into  fragments.  If  this  was  so,  he  expected  to 
find  more,  and  truly  enough,  in  1807  a  fourth  was  dis- 
covered, which  he  called  Vesta.  In  1845  ^^^  ^^47  ^^ 
more  were  added  to  the  number.  Since  then  some  have 
been  found  every  year;  in  July  1879  the  number  of  these 
small  planets,  or  asteroids  as  they  are  called,  moving  round 
the  sun  between  Mars  and  Jupiter,  had  reached  to  201,  and 
new  ones  are  always  being  discovered.  Ceres,  the  largest 
of  these,  only  measures  about  196  miles  across,  and  when 
it  comes  nearest  to  the  earth  does  not  look  larger  than  a 
star  of*  the  eighth  magnitude.  Whether  they  are  really 
fragments  of  a  planet  is  not  proved,  and  we  have  still  a  great 
deal  to  learn  about  them. 

Encke's  Comet,  1819. — The  next  bodies  of  interest 
which  were  discovered  were  two  returning  comets,  each  of 
them  remarkable  for  different  reasons.  The  first  of  these 
was  observed  in  1 8 1 9,  through  the  telescope  at  Marseilles, 
by  a  Frenchman  named  Pons.     It  was  very  small,  and  is 
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mainly  of  importance  because,  after  Professor  Encke  of 
Berlin  had  calcubled  that  it  returned  regularly  every  three 
years  and  a  quarter,  he  found  that  it  arrived  two  hours  and 
a  quarter  earlier  each  time.  Why  it  should  come  earlier  is 
a  question  which  is  still  very  perplexing  to  astronomers, 
though  several  explanations  have  been  suggested.  In  order 
to  find  out  how  fast  this  comet  moved,  Encke  was  obliged 
to  calculate  very  accurately  how  much  the  different  planets 
attract  it ;  and  this  led  him  to  discover  that  the  mass  of 
Jupiter  is  greater  than  the  earlier  astronomers  had  supposed, 
while  that  of  Mercury  is  much  less. 

Biela'B  Comet,  1826. — In  1826  another  remarkable 
comet  was  observed  by  an  Austrian  officer  named  Biela, 
and  on  that  account  called  '  Biela's  comet.'  M.  Clausen,  a 
German  astronomer,  computed  that  it  revolved  in  an  elliptic 
orbit  in  a  period  of  six  years  and  eight  months,  and  it  was 
then  shown  to  be  the  same  comet  which  had  been  observed 
in  1771,  1805,  and  1818,  This  comet  has  had  a  very 
curious  history.  In  the  year  1832  great  alarm  was  excited 
because  the  astronomers  had  calculated  that  it  would  cross 
the  orbit  of  our  earth  on  October  29.  People  who  did  not 
understand  the  question  thought  this  meant  that  it  would 
run  into  us  and  perhaps  destroy  our  eartli ;  and  many  even 
sold  their  houses  and  land  because  ihey  thought  the  end  of 
the  world  was  at  hand.  The  people  in  Paris  especially 
were  so  frightened  about  it  that  the  Academy  of  Sciences 
thought  it  advisable  to  ask  Arago,  the  French  astronomer, 
to  quiet  their  fears,  and  he  wrote  a  popular  essay,  showing 
that  though  the  comet  crossed  the  path  of  our  earth,  yet  on 
that  day  we  should  be  fifty-live  millions  of  miles  away  from 
the  Spot 

But  it  was  in  1845  that  Biela's  comet  proved  most  in- 
tteresting.     On  November  26  in  that  year  it  came  at  the 
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time  it  nas  expected,  and  was  seen  each  night  afterwards  as 
usual  till  January  12,  On  that  night,  however,  when 
Lieutenant  Maury  looked  at  it  from  the  observatory  at 
Washington,  in  the  United  States,  he  saw,  not  one  comet. 
but  tv>e  distitut  and  separate  comets  mm'ing  along  togtther. 
This  seemed  so  strange  that  it  would  scarcely  liave  been 
believed  if  several  astronomers  had  not  watched  the  comet 
for  more  than  a  month,  and  satisfied  themselves  that  it  had 
really  split  up  into  two  parts,  each  part  being  a  perfect 
comet,  with  a  bright  head  and  a  glowing  tail !  These  two 
comets  relumed  in  1852,  still  keeping  each  other  company 
at  the  same  distance  apart  as  in  1846,  but  since  then  they 
have  never  been  seen  again.  Many  other  comets  have  been 
discovered  besides  these,  and  it  is  probable  that  many  thou- 
sands or  even  millions  must  be  wandering  through  space, 
but  of  these  we  cannot  speak  here. 

Adams  and  LsTenier  determine  the  Fositioti  of 
an  TTnkiiowii  Planet  by  its  Influence  on  the  Orbit  of 
Uranus,  1843-1846. — The  next  discovery  which  we  must 
consider  is  one  of  the  most  remarkable  in  the  history  of 
astronomy,  because  it  was  not  made  with  the  telescope,  but 
was  worked  out  independently  by  two  men  entirely  by 
means  of  Newton's  theory  of  gravitation.  You  will  remem- 
ber that  in  1781  Sir  William  Herschel  discovered  the  planet 
Uranus  moving  outside  all  the  other  planets  (see  p.  iSa), 
Now,  many  astronomers  had  noticed  this  body  in  earlier 
ages,  and  supposing  it  to  be  a  star,  had  marked  its  positJoa 
from  time  to  time  in  the  heavens,  and  from  these  observa- 
tions it  was  now  possible  to  calculate  its  path  round  the  sun. 
When  this  was  done  it  was  found,  however,  that  the  planet 
did  not  move  as  it  ought  to  do  according  to  the  theory  of 
gravitation.  The  pull  of  the  sun  and  the  known  planets 
did  not  account  for  its  orbit,  for  it  roamed  farther  out  into 
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*•!  space  than  it  should  do  if  tliey  were  the  only  bodies  which 
*l  ffllncted  it.  Either,  therefore,  the  early  astronomers  had 
'o  marked  the  position  of  the  planet  wrongly,  or  some  un- 
■W  Inown  and  unseen  body  must  be  pulling  it  out  of  its  course. 
^  This  last  seemed  the  most  likely  explanation,  but  no 
.'^uch  planet  could  be  seen,  and  the  problen)  remained 
unsolved. 

It  was  at  this  point  that  a  young  student  of  St.  John's 
College,  Cambridge,  named  John  Couch  Adams,  then  only 
twenty-three  years  of  age,  made  a  memorandum  in  his  note- 
book to  work  out  the  movements  of  Uranus,  and  see  if  by 
this  means  he  could  discover  whether  there  was  another 
planet  farther  away  from  the  sun.  As  soon  as  he  had  taken 
his  degree  as  Senior  Wrangler  in  1843,  he  set  to  work  to 
cany  out  his  intention,  and  two  years  aftenvards,  in  October 
1S45,  he  sent  a  paper  to  Mr.  Airy,  the  Astronomer- Royal 
at  Greenwich,  stating  in  what  part  of  the  heavens  astro- 
nomers ought  to  look  for  the  unknown  planet  which  would 
explain  the  capricious  movements  of  Uranus. 

It  is  not  easy  for  any  but  mathematicians  to  understand 
what  a  wonderful  thing  it  was  to  calculate  accurately,  in  this 
way,  where  a  planet  would  be  found  which  had  never  been 
seen.  When  PaJla.s  was  discovered  between  Mars  and  Jupi- 
ter, Piaui  saw  it  through  the  telescope  for  some  days,  and 
it  was  only  found  again  by  following  out  the  movement 
which  he  had  recorded.  But  in  Adams's  case  nothing  had 
ever  been  seen,  and  the  only  reason  for  suspecting  anything 
to  be  there,  was  that  astronomers  could  not  make  their  very 
difficult  calculations  of  the  attraction  of  the  different  planets 
t  right.  Adams,  therefore,  had  first  to  calculate  all 
e  attractions  of  the  sun  and  the  planets,  in  their  different 
<  pOBilioDs,  and  then  to  fmd  out  how  they  would  afTect  Uranus 
n  his  path ;  and  wherever  the  planet  did  not  follow  their 
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pulling  he  had  to  calculate  where  another  body  must  be  to 
draw  it  away  from  them.  This  he  accomplished,  and  it  is 
very  remarkable  that  the  great  French  astronomer  Leverriei 
also  worked  out  the  same  problem,  vriihout  having  heard 
that  Adams  had  done  it. 

In  the  year  1838  Leverrier  had  begun  a  long  serii 
calculations,  which  were  only  completed  in  1874  (seep  461), 
to  tind  out  the  varjnng  attractions,  and  by  thai  means  the 
size  and  weight,  of  the  different  planets,  and  while  he  was 
at  work  at  this  he  became  convinced  that  there  must  be  si 
unseen  body  pulling  at  Uranus.  Now  it  so  happened  that 
just  at  the  time  when  Adams  and  Leverrier  began  to  feel 
after  this  supposed  planet,  Uranus  had  lately  been  very 
much  disturbed,  and  so  they  knew  that  he  must  have 
approached  near  to  the  disturbing  cause,  and  this  showed 
them  in  which  part  of  the  heavens  the  attracting  planet 
ought  to  be. 

leverrier  published  his  calculations  in  the  Journal  of' 
the  Academic  lies  Sciences  at  Paris  in  November  1845  and 
June  1846,  and  when  the  Astronomer- Royal  read  the  papeR 
he  was  astonished  to  find  that  the  French  astronomer  had 
fixed  the  place  of  the  unknown  planet  within  one  degree  of. 
the  spot  which  Adams  had  named.  This  led  him  to  su| 
that  a  search  should  be  made  for  it,  and  Professor  Challis 
of  Cambridge  actually  observed  and  recorded  its  place  on 
August  4  and  iz,  1846,  but  having  no  chart  of  that  part 
of  the  heavens,  was  not  able  to  identify  it.  Meanwhilt' 
Leverrier  published  another  paper  on  August  31,1846,  statin|^ 
still  more  accurately  where  the  planet  ought  to  be  found: 
This  paper  he  sent  to  his  friend  M.  Galle,  of  the  Berliff 
Observatory,  on  September  23,  1846,  asking  him  to  look  '-aii 
that  part  of  the  sky  which  he  pointed  out  M.  Galle  did  si 
and  on  that  same  night,  by  following  the  instructions  of  llkt 
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t  aitronomfrs,  be  /oiind  the  unknown  planet,  which    lie 
Identified  fium  a  chart  in  his  possession. 

So  true  is  the  law  of  gravitation  that  two  men  sitting  at 
n  their  studies  were  enabled,  from  slight  irregularities 
notion  of  Uranus,  to  predict  the  existence  and  place 
Ka  disturbing  body,  rolling  on  through  space  !     This  new 
s  called  Neptune,  and  is  a  little  larger  than  Uranus  ; 
:ertainly  one  moon,  discovered  by  Mr.  Lassell,  and 
T  Struve  thinks  he  has  seen  a  second. 
^  Sir  John  Herschel's  work  iu  Astronomy. — While 
:  different  discoveries  were  being  made  in  the  obser- 
ves of  Europe,  Sir  John    Herschel  was  at  the  Cape, 
ecping  the  heavens  with  his  telescope  for  double  stars  and 
md  measuring  their  brilliancy.     Born  at  Slough, 
e  to  his  father's  observatory,  in  1792,  the  young  John 
:hel  spent    his    early  life  with    his  father   and  aunt, 
I  saw  them  always    busy  night  and   day   studying  the 
tvens.     In  1813  he  was  Senior  Wrangler  at  Cambridge, 
.    after  that  he   turned  his  attention    to  double    stars, 
8    completed  a  Ust  of  no   less    than   1000  of 
:  wonderful  double  and  sometimes  treble  suns  which 
nlve  round  each  other.     When  he  had  completed  the 
prey  of  the  whole  of  our  northern  skies,  he  went  in  1S33 
the  Cape  of  Good  Hope,  taking  with  him  a   large  lele- 
I  for  which   he   built  an  observatory,  and  there   he 
pit  four  years  gauging  the  stars  of  the  southern  hemi- 
lere,  and  classing  them  according  to  their  brilliancy,  as 
r  father  had  classed  those  of  the  northern  hemisphere, 
(  was  thus  the  first  astronomer  who  swept  his  telescope 
r  the  whole  of  the  heavens  which  are  visible  from  our 
let,  and  who  saw  with  his  own  eyes  every  star,  planel, 
I  nebula,  then  visible  in  the  sky.     Among  the  remark 
(  appearances  which  he  examined  were  those  cloudy 
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masses  of  light  called  the  Magellanic  Clouds,  which  arc  a 
portion  of  the  Milky  Way  of  the  southern  hemisphere,  and 
he  found  them  to  be  made  up  of  stars,  star-clustera,  nnd 
nebulE,  mingled  logiither  in  wonderful  complexity. 

When  he  returned  to  England  in  183S,  you  can  imagine 
what  a  wonderful  picture  he  must  have  had  in  his  mind  of 
the  whole  universe,  as  far  as  we  can  see  it.  It  was  then  thai 
he  wrote  his  famous  'Outlines  of  Astronomy,'  which  was  a 
new  edition  of  a  little  book  he  had  written  years  before.  Id 
this  great  work  Sir  John  Herschel  first  taught  ordinary 
people  what  a  grand  science  astronomy  Is.  Before  his  time 
the  different  discoveries  and  theories  had  been  scattered 
about  in  various  scientific  papers,  loo  difficult  and  too 
tedious  for  the  public  to  read.  But  Sir  John  wrote  simply 
and  plainly  about  the  great  truths  which  had  been  worked 
out,  from  the  days  when  Aristarchus  first  asserted  that  the 
earth  moved  round  the  sun,  to  the  time  when  Sir  William 
Herschel  pictured  our  whole  solar  system  travelling  onwards 
through  endless  space ;  and  through  his  book  many  who 
would  never  otherwise  have  studied  the  science  leamt  to 
know  something  of  the  wonders  of  the  heavens  and  the 
lessons  they  teach.  Sir  John  was  a  true  lover  of  the  works 
of  nature,  and  he  taught  all  his  readers  to  love  them  too^ 
and  to  feel  a  true  reverence  for  the  Infinite  Mind  of  the 
Creator  of  them  alL  He  died  in  1871,  and  was  buried  in 
Westminster  Abbey,  but  never  will  those  who  knew  bim 
forget  the  beautiful  truth-loving  spirit  which  brcatbed  in 
every  word  he  wrote  or  spoke. 

DiscoTeiroftboFntbs  along  wMoh  Meteors  trftTdl, 
and  the  Agreement  of  two  of  these  with  the  Orbita  of 
Returning  Comota,  1862, — We  muii  nuw  turn  to  a  most 
interesting  discovery  made  within  the  last  twenty  years, 
which  proves  that  our  solar  system  does  not  consist  mereh 


of  the  sun  and  the  planets,  with  their  satellites,  but  that 
myriads  of  smaller  bodies  are  also  moving  in  large  orbits 
around  our  sun.  Every  one  has  heard  of  falling  or  shoot- 
ing stars,  and  most  people  have  probably  seen  one  or  more 
of  these  bright  meteors  rush  across  the  sky  on  a  calm 
summer  evening,  and  then  vanish  as  suddenly  as  it  ap- 
peared. The  rude  Lithuanian  peasants  have  a  touching 
legend  about  these  falling  stars,  'To  every  new-bom 
child,'  they  say,  '  there  is  attached  an  invisible  thread,  and 
this  thread  ends  in  a  star ;  when  that  child  dies  the  thread 
breaks,  and  the  light  of  the  star  is  quenched  as  it  falls  to 
the  earth.'  Science  has  taught  us  a  different,  but  a  not  less 
wonderful  history.  It  is  now  known  that  these  meteors  are 
solid  stones,  '  pocket  planets '  as  Humboldt  called  them, 
which  form  long  elliptical  rings  round  the  sun,  many  of 
which  cross  our  orbit  in  various  directions.  When  we  pass 
through  one  of  these  rings,  the  stones  rush  through  our 
atmosphere  so  fast  that  they  become  heated,  and  give  out 
light  for  a  short  time,  till  they  disperse  into  fine  dust  and 
vanish.  When  they  are  too  large  to  be  consumed  before 
tliey  reach  the  earth,  they  fall,  often  with  great  violence,  and 
are  split  into  countless  fragments.  A  large  collection  of 
these  meteoric  stones  is  to  be  seen  in  the  British  Museum, 
some  weighing  hundreds  of  pounds,  others  only  a  few  grains. 
Tliey  have  been  analysed,  and  are  found  to  be  composed 
(hicfly  of  iron,  tin,  sulphur,  phosphorus,  carbon,  and  oxygen. 
Before  the  present  century  all  that  was  known  about 
tht-»e  bodies  was  very  vague  and  unsatisfactory.  From  time 
lo  time  accounts  of  stone-falls  came  from  different  pans  of 
the  world,  but  they  were  not  much  attended  to,  and  people 
found  it  ijiflirult  lo  believe  that  stones  and  mineral  masses 
actually  fell  from  the  sky  on  to  the  earth.  But  in  1S03  a 
licry  globe  was  seen  lo  rush  over  the  town  of  Aigle,  In  Not- 
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mandy,  and  a  stony  mass  was  dashed  to  the  ground  ssA 
shattered  into  thousands  of  fragments,  some  of  which  weighed 
as  much  as  17^  lbs.  This  created  so  much  astonishment 
that  the  French  Government  sent  M.  Biot,  a  celebrated 
French  chemist,  to  examine  into  the  matter,  and  he  reported 
that  there  could  be  no  doubt  of  a  shower  of  hot  stones 
having  fallen  ui>on  the  earth. 

From  this  time  more  interest  was  taken  in  meteors  and 
meteoric  stones.  People  had  remarked  for  a  long  time  that 
shooting-stars  were  more  abundant  from  the  9th  to  the  iilh 
of  August  than  at  other  times,  and  more  lately  it  was  also 
noticed  that  a  shower  of  the  same  kind  happens  about  the 
13th  of  November.  Astronomers  began,  therefore,  to  think 
that  these  meteors  must  move  in  regular  orbits,  crossing 
the  orbit  of  our  earth  in  certain  places,  so  that  wc  pass 
through  them.  There  were  also  reasons  for  thinking  that 
the  November  meteors  travelled  in  an  enormous  ellipse, 
passing  at  one  end  even  outside  the  planet  Uranus. 

It  was  not,  however,  till  thirteen  years  ago  that  anything 
was  really  known.  In  the  year  1862  an  Italian  astronomer 
named  Schiaparelli  made  a  very  remarkable  suggestion. 
He  noticed  that  a  comet  which  was  seen  in  that  year  crossed 
the  earth's  path  just  at  the  point  where  we  are  always  b 
the  middle  of  the  meteor-shower  on  August  10,  and  it  oc- 
curred to  him  whether  it  might  not  be  possible  that  the 
August  meteors  were  travelling  in  the  same  orbit  as  the 
comet  His  suggestion  turned  out  to  be  correct,  and  by  a 
calculation  which  we  cannot  follow  here,  he  proved  that  the 
comet  and  the  August  meteors  travel  aiorig  precisely  the  same 
path  in  the  shape  of  a  long  ellipse  passing  at  one  end  out- 
side the  planet  Neptune,  the  most  distant  of  the  knonn 
planets.  This  was  the  first  lime  thai  the  orbit  of  any  set 
of  meteors  had  been  traced  out 


The  next  was  thai  of  the  November  meteors,  which  was 
determined  by  Adams,  and  also  independently  by  Leverrier. 
It  had  been  shown  by  searching  out  all  the  past  accounts 
of  November  showers  that  in  tiroes  gone  by  the  earth  passed 
through  these  meteors  a  little  earlier  in  the  year  than  she 
does  now,  and  this  could  not  be  accounted  for  by  any  irre- 
gularity in  the  movement  of  the  earth.  It  looked  therefore 
as  if  the  orbit  of  the  November  meteors  must  be  slowly 
shifting,  just  as  the  orbits  of  the  planets  do,  within  certain 
limits.  It  was  upon  this  shifting  that  Adams  founded  his 
calculations,  and  he  worked  out  the  meteor  path  with  great 
,^^cu^acy,  showing  that  those  astronomers  had  been  right 
who  thought  it  extended  beyond  Uranus.  This  time  the 
problem  was  solved  by  pure  astronomical  reasoning,  but  per- 
haps the  most  remarkable  part  of  the  story  is  that  in  1866. 
long  after  Adams  had  determined  the  orbit,  a  new  comet 
was  seen,  which  was  found  to  move  exactly  along  the  path 
of  the  November  meteors,  in  the  same  way  that  the  comet 
of  1861  agrees  with  those  which  fall  in  August. 

Although  these  two  meteor-showers  are  the  most  import- 
am,  they  are  by  no  means  the  only  ones  crossed  by  our 
earth.  Mr,  Proctor  slates  that  on  any  clear  night,  if  you 
watch  carefully,  you  may  see  about  six  shooting-stais  in  one 
hour;  and  Professor  Newton,  of  America,  has  calculated 
ihat  7,500,000  meteors  large  enough  to  be  seen  without  a 
telescoiJe  pass  through  our  atmosphere  in  one  single  day 
and  DighL  At  least  a  hundred  sels  of  meteors,  or  meteor- 
systems  as  ihcy  are  called,  are  known  to  astronomers,  and 
each  one  of  these  is  composed  of  millions  of  bodies ;  and 
you  must  bear  in  mind  that  these  systems  do  not  move 
round  us,  but  round  the  sun,  so  that  it  is  only  because  we 
hapi>en  to  cross  their  path  that  we  know  anything  of  them. 
It  would  be  idle  to  suppose  that  these  bundled  «»ajex^- 
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systems  which  we  come  across  are  the  only  ones  eidsting- 
On  the  contrary,  we  have  every  reason  to  think  that  ihey 
are  only  a  few  out  of  thousands  of  meteor-systems  which  we 
never  meet,  and  which  probably  grow  more  numerous  the 
nearer  they  approach  the  sun. 

And  so  we  arrive  at  the  wonderful  thought  that  the 
whole  of  our  solar  system  is  swarming  with  meteors  col- 
lected into  more  or  less  defined  rings  and  rushing  along  with 
immense  speed  in  their  motion  round  the  sun.  What  their 
use  is  we  do  not  know.  Some  astronomers  have  imagined 
that  the  heat  of  the  sun  is  kept  up  by  these  meteoric  stones 
falling  in  countless  myriads  on  his  face,  but  this  is  disputtsl 
by  others ;  and  for  the  present  it  is  enough  if  we  can  picture 
to  ourselves  these  rings  of  meteors  whirling  round  and  roomi 
in  3|xice,  and  flashing  into  light  as  they  rush  through  our 
atmosphere  whenever  we  hap(>en  to  cross  their  path. 

I  have  chosen  out  these  new  facts  about  meteors  because, 
of  all  modem  discoveries,  they  give  the  best  idea  of  the 
wide  fields  of  knowledge  which  are  opening  out  before  us. 
Within  the  last  fifty  years  a  number  of  most  interesting 
observations  have  been  made  about  the  nature  of  the  sun 
itself;  but  they  would  require  long  explanations,  and  being 
all  the  work  of  living  men,  they  scarcely  belong  to  out 
history. 


Ckiif  Woria  consulltd. — Airy's  '  Report  on  Astronomy,'  Britiib 
A«sociation,  1833;  J,  D.  Forbes's  'Progress  of  Mathematical  ud 
Phyncal  Science' — Sixth  Dissertation;  ■  Encyclnpxdia  Britannici,' 
MW  edition;  Giullcmin.  'The  Heavens;'  Hersche!'s  'Astraoomr;' 
Gnmt's  '  Physical  ABironomy ;'  '  Reports  of  the  Astronomical  Sociely ;' 
■  The  Orbs  of  Heaven,'  Mitchell ;  Proctor,  '  On  Shootiog-Stara  Md 
Meteors.' 
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fe  Voang  CKpUins  the  Iwerfcrence  of  Light — Malus  discovBrs  ihe 
PoliiiiatiDn  of  Light  caused  bj  Reflect]  an— Frcsnel — PolarizatioD 
orLighl  optaincl  by  Young  and  Fresnel — Sir  David  Brewster  iind 
M.  Biot  on  colours  produced  by  Poloriiation — Fiieau — Foucault — 
Vetodty  of  Light. 

Me  must  now  go  back  to  the  history  of  Light,  which  we 
left,  as  you  will  remember,  at  the  enil  of  the  seventeenth 
century,  at  the  point  which  Newton  and  Huyghens  had 
reached.  During  the  whole  of  the  eighteenth  century  verj' 
little  was  leamt  about  this  science,  and  it  remained  for  the 
men  of  our  owtt  time  to  make  the  ne^t  step  and  to  discover 
the  grand  laws  of  light  which  we  must  now  consider.  It 
will  be  best  to  divide  our  subject  into  two  parts— ist.  The 
discoveries  which  have  led  to  a  true  Theory  of  Light  These 
ate  very  difficult  to  understand,  and  you  must  not  expect 
to  gain  more  than  a  slight  notion  of  them  ;  zd.  The  new 
(icts  lately  discovered  about  the  Chemhtry  of  Light,  and 
called  Spectrum  Analysis,  and  of  these  1  hope  you  may 
understand  enough  to  fill  you  with  delight  at  the  beautiful 
histories  they  reveal. 

IMfloovery  of  tbe  Interference  of  Light  by  Young, 

1801. — You  will  remember  that  Newton  and  Huyghens  had 

roposeii   two  dtlTerent  theories  of  light  (see  page   174). 
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Newton's,  called  the  Corpuscular  or  Emission  Theory,  sup- 
posed light  to  be  made  of  minute  particles  darting  out  ftoM 
the  sun  and  every  light-giving  body.  Huyghens,  on  the  con- 
trary, taught  that  light  is  produced  by  the  vibrations  oi 
waves  of  an  invisible  ether  which  is  supposed  to  fill  all  space. 
This  was  called  the  Undulatory  or  Wave  Theory. 

Newton's  authority  was  so  great,  and  the  experiments  he 
made  to  prove  his  theory  were  so  striking,  that  the  '  Corpus- 
cular theory '  was  generally  received  as  the  true  one,  espe- 
cially as  Huyghens  had  only  made  a  few  simple  experiments 
in  support  of  his  idea;  and  it  was  more  than  a  hundred 
years  after  Huyghens  first  published  his  '  Treatise  on  Light' 
before  a  man  arose  to  defend  the  Undulatory  theory  and  to 
bring  it  again  into  notice.  This  man  was  Dr.  Thomas 
Young,  the  first  Professor  of  Natural  Philosophy  at  the 
Royal  Institution  of  London. 

Thomas  Young,  who  was  the  son  of  a  Quaker,  was  bom 
at  Milverton,  in  Somersetshire,  in  1773,  and  died  in  1829. 
He  was  brought  up  at  home,  and  seems  to  have  been  a  veiy 
clever  lad,  for  he  knew  seven  languages  at  the  age  of  four- 
teen, besides  having  studied  Natural  Science  as  an  amuse- 
raent.  He  then  went  to  the  Edinburgh  University,  where 
he  worked  under  dear  old  Dr.  Black,  whose  enthusiasm,  no 
doubt,  helped  much  to  increase  his  love  of  science.  When 
he  was  only  twenty  he  sent  a  paper  on  'Vision'  to  the  Royal 
Society,  and  was  elected  a  member  the  following  year.  He 
then  went  to  Cambridge  in  order  to  be  able  to  satisfy  the 
College  of  Physicians,  and  practised  as  a  medical  man  in 
London,  where,  in  1801,  he  was  also  made  Professor  itf 
Natural  Philosophy  at  the  Royal  Institution,  which  had  jusl 
been  founded,  and  Editor  of  the  Nautical  Almanack.  He 
is  very  famous  as  one  of  the  first  men  who  deciphered  the 
£^y}Mian  hieroglyphical  writings,  and  you  will  often  hear 
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"'tn  mentioned  as  an  Egyptian  scholar ;   but  what  we  have 
"Off  to  consider  are  his  discoveries  about  Light. 

Young  tells  us  himself  that  it  was  in  May  1801  that  he 
''nil  made  an  txperiment  which  seemed  to  him  to  prove 
that  light  must  be  a  succession  of  tiny  waves  moving  across 
*p3cc  as  Huyghens  had  supposed.  His  experiment  was  the 
following.  He  made  a  hole  in  the  window- shutter  of  a  dark 
room,  and  covered  it  with  a  piece  of  thick  paper,  in  wliich 
he  had  pricked  a  small  hole  with  a  needle.  He  then  put  a 
small  looking-glass  outside  the  shutter,  so  as  to  throw  the 
sunlight  very  fLilly  upon  the  hole  and  send  a  cone  of  spread- 
ing light  through  it.  In  this  cone  of  light  he  held  a  very 
narrow  strip  of  card  and  watched  the  shadow  which  it  threw 
on  the  wall,  or  on  another  piece  of  card  behind  it.  On  each 
side  of  the  shadow  there  were  some  faint  fringes  of  colour, 
but  besides  these  he  saw  in  the  shadov  itself  dark  and  light 
upright  tinted  bands,  which  finished  off  in  a  faint  white  band 
in  the  middle  of  the  shadow.  It  was  from  these  faint  bands, 
which  many  men  would  have  thought  not  worth  noticing, 
that  Young  worked  out  the  truth  of  the  Wave  Theory  of 
Light. 

The  first  question  he  asked  himself  was — '  Why  should 
there  be  any  light  at  all  in  the  shadow?'  This  was  not 
difficult  to  answer,  for  as  light  travels  in  all  directions,  a  part 
of  it,  passing  on  each  side  of  the  strip  of  card,  will  spread 
out  behind  it.  But  why  should  this  light  arrange  itself  in 
stripes  and  not  fall  equally  all  over  the  shadow?  It  seemed 
at  first  impossible  to  expbin  this ;  but  when  Young  placed 
his  hand  so  as  to  prevent  the  light  passing  along  one  of  the 
edges  of  the  card  he  found  that  the  fringes  or  bands  dis- 
appeared  entirety,  and  when  he  took  away  his  hand  they  re- 
turned. It  was  clear,  then,  that  so  long  as  the  light  passed 
in  one  direction  only  behind  the  card  it  spread  itself  out 
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^H  equally,  but  directly  the  two  sets  of  rays  from  the  two  sides 

^"  met  each  other,  dark  and  light  bands  appeared. 

Now  Newton's  emission  theory  could  give  no  explana- 
tion of  this  curious  face,  for  if  light  were  made  of  tiny  par- 
ticles there  is  no  reason  why  these  particles,  in  crossing  each 
other,  should  make  dark  bands.  On  the  contrary',  the  more 
of  them  there  were  the  more  light  there  ought  to  be.  The 
Undulatory  or  Wave  Theory,  however,  explained  the  bands 
perfectly,  and  this  we  must  now  try  to  understand. 

You  will  remember  that  Huyghens  supposed  an  ether 
•  liUing  all  space  to  be  set  in  motion  by  the  sun,  or  any  other 

luminous  body,  and  to  heave  up  and  down  in  tiny  waves,  just 
as  the  sea  heaves,  or  the  water  of  a  pond,  when  you  agitate  it 
Suppose,  therefore,  that  a  number  of  waves  of  water,  all 
of  the  same  size,  are  moving  along  one  side  of  a  lake  as  at  a, 
F'S-  57i  P-  3  IS- and  flowing  out  through  a  narrow  channel  at 
the  end,  and  suppose  another  set  of  waves  to  be  moving  along 
the  other  side,  b,  so  that  the  tw-o  sets  meet  at  the  mouth  of 
the  channel  Then,  if  the  two  waves  c  and  d  are  both  rising; 
up  when  they  meet,  they  will  join  together  into  one  large 
wave,  and  will  continue  to  flow  in  large  waves  down  the 
channel.  But  if  they  meet,  as  in  Fig.  58,  when  e  is  (ailing 
and  d  is  rising,  then  c  will  flow  into  the  hollow  of  d  and  fill 
it  up,  and  instead  of  a  large  wave  being  made,  the  surface 
of  the  water  will  soon  become  smooth. 

Now  Young  pointed  out  that  this  is  exactly  what  happens 
to.  the  undulations  of  light  After  passing  through  the  hole 
in  the  shutter,  they  move  on  till  they  come  to  the  card,  and 
here  they  wheel  round  each  edge  of  the  card  and  meet 
behind  it  Those  which  meet  in  the  middle  of  the  shadow 
have  each  travelled  exactly  the  same  distance  with  the  same 
number  of  waves,  so  they  meet  as  in  Fig.  57,  and  a  strong 
undulation  is  produced,  causing  a  band  of  light.      But  an 
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either  side  of  the  exact  middle  the  rays  will  not  have  tra- 
velled exactly  the  same  distance,  but  one  will  have  made 
half  a  wave  more  than  the  other,  so  they  will  meet  as  in  Ftg. 
58,  and  destroy  each  other,  causing  a  band  of  darkness. 
Outside  these  again  the  ray  which  has  come  the  longer  dis- 
tance has  had  time  to  make  up  another  half-wave,  so  it  meets 
the  other  ray  as  a  friend  again,  and  both  of  them  rising 
together,  a  strong  wave  and  a  light  band  is  the  result.     In 


this  way  they  go  on,  first  helping  and  then  interfering  with 
each  other,  and  thus  making  alternate  bands  across  the 
shadow.  For  this  reason  Young  called  his  discovery  the 
'  Interference  of  light: 

If  this  cxf»criment  is  made  with  light  of  one  colour  only, 
. .,  for  example,  with  light  which  has  been  passed  through 
i_d  glass,  and  so  is  composed  only  of  red  rays,  then  the 
liands  aie  simply  black  and  red.     But  if  sunlight  is  used. 
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another  curious  effect  is  seen,  namely,  a  succession  of  bands 
appear  tinged  with  the  colours  of  the  rainbow ;  and  this,  too, 
Young  showed  to  be  beautifully  explained  by  the  Undula- 
tory  Theory.  It  was  stated  at  p.  177  that  the  colour  of 
the  light  which  reaches  our  eye  depends  upon  the  rapidity 
of  the  vibrations  of  the  ether,  just  as  the  sound  of  a  note 
upon  our  ear  depends  upon  the  rapidity  of  the  vibrations  of 
the  air,  Conser[uently  the  waves  of  the  prismatic  colours 
are  of  different  lengths,  so  that  when  the  two  rays  of  light 
meet  behind  the  card  the  waves  of  the  various  colours  do 
not  all  arrive  together.  For  example,  those  waves  which 
cause  us  to  see  the  colour  violet  are  much  shorter  and  more 
rapid  than  those  which  cause  us  to  see  red.  Therefore, 
when  the  red  waves  meet  each  other  as  friends  (as  in 
Fig.  57),  and  make  a  strong  vibration,  the  violet  ones  will 
meet  each  other  as  foes  (as  in  Fig.  58),  and  interfere  with 
each  other ;  and  so  we  shall  see  a  bright  red  stripe  made  by 
the  strong  red  wave,  while  the  violet  waves  will  be  destroyed. 
A  little  farther  on  the  violet  waves  will  meet  as  friends,  and 
then  we  see  a  violet  streak,  while  the  red  ones  will  In  their 
turn  be  destroyed. 

Colours  on  the  Soap-bubble. — The  beautiful  colours 
of  the  soap-bubble  are  caused  in  this  way,  and  an  explana- 
tion of  them  will  help  you  to  picture  to  yourself  this  effect 
of  the  interference  of  lighL  If  you  have  ever  blown  a  well- 
shaped  soap-bubble,  and  watched  it  settle  down  quietly 
where  there  is  no  wind  to  disturb  it,  you  cannot  fail  to  have 
noticed  the  colours  which  appear  upon  iL  If  the  bubble  is 
very  perfect,  these  colours  arrange  themselves  in  rings, 
beginning  with  a  dark  spot  at  the  top  of  the  bubble  and 
forming  alternate  bands  of  blue,  yellow,  orange,  and  red, 
which  grow  fainter  and  fainter  down  the  sides  of  the  bubble 
till  they  disappear.     The  reason  of  these  colours  is  that, 


when  the  sunlight  falls  on  the  thin  film  of  the  bubble,  a 
little  of  the  light  is  reflected  straight  back  to  the  eye  from 
the  surface  a.  Fig.  59;  but  most  of  it  passes  on  to  the 
secoDd  surface  ^,  and  there  again  some  is  reflected,  so  that 
two  sets  of  waves  are  constantly  reaching  the  eye,  one  from 
a  and  one  from  *,  These  two  sets  meet  before  they  come 
to  our  eye,  and  we  have  just  seen  that  it  depends  entirely 
Atfuc  (hey  meet  what  colour  we  see. 
■  Suppose  the  filtn  is  just  thick  enough  for  the  two  rays 
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to  meet  when  the  red  waves  of  each  are  rising ;  we  shall 
then  have  a  full  red  wave  upon  our  eye.  But  in  that  case, 
as  the  vioM  waves  are  a  diflferent  length,  they  will  not  have 
met  as  friends,  but  as  foes,  one  up  and  the  other  dmvn,  and 
will  destroy  each  other ;  and  so  will  the  waves  of  all  the 
other  colours,  because  they  are  not  of  the  same  length  as 
the  red  waves.     Therefore  the  only  impression  on  our  eye 

'  The  film  of  ■  soap-bubble  is  really  aaly  the  Lhichnesa  of  a  fine 
Use  evtn  in  (he  thickest  pait ;  bul  rt  was  necessary  lo  exaggerate  the 
tao  lurfaces  in  the  diagram  to  show  the  passs)^  of  the  ray  of  tight. 


will  be  that  of  red.  But  the  bubble  is  always  growing 
gradually  thicker  down  ils  sides  because  the  soapy  liquid  is 
creeping  downwards.  So  a  little  lower  down  the  red  waves 
from  the  two  surfaces  a  and  b  will  no  longer  fit  each  other, 
but  will  meet  unevenly  and  the  red  colour  will  be  destroyed. 
It  will  now  be  the  turn  of  the  violet  rays  to  combine  and 
make  a  strong  wave  to  our  eye  ;  a  little  lower  down  it  will 
be  the  turn  of  the  green  waves,  then  of  the  yellow,  and  then 
the  film  will  be  thick  enough  for  the  red  waves  to  come 
together  again,  and  so  it  will  go  on  ;  each  colour  in  its 
turn  will  produce  a  strong  wave,  while  all  the  others  are 
quenched,  until  the  film  is  too  thick  for  the  effect  to  be 
produced. 

This  is  a  very  rough  idea  of  the  way  in  which  the  Undu- 
latory  Theory  explains  the  colours  which  we  see  in  shadows 
and  in  the  soap-bubble.  When  you  study  the  subject  of 
light  you  will  see  how  very  complicated  these  wave  move- 
ments really  are  ;  but  without  special  knowledge  you  cannot 
understand  more  than  1  have  given  you  here.  The  colours 
on  mother-of-pearl,  on  a  duck's  neck,  on  the  transparent 
wings  of  insects,  and  even  on  the  scum  floating  on  a  pond, 
are  all  produced  by  the  interference  of  light,  and  we  owe 
the  discovery  of  this  simple  and  beautiful  explanation  to 
Dr.  Thomas  Young. 

M&luB  disoovers  the  Foliirizatioa  of  Ziight  by  Bft- 
fleotion,  1808. — I'he  next  step  in  the  science  of  light  was 
made  by  Etienne  Louis  Malus,  a  young  French  engineer 
officer,  who  was  born  in  1775,  and  died  in  iSia,  when  he 
was  only  thirty-seven  years  of  age.  He  was  a  most  accom- 
plished mathematician,  and  if  he  had  Uved  longer,  would 
probably  have  been  one  of  the  most  celebrated  men  of  our 
centui)'. 

You  will  remember  that  in  1669  a  Danish  physician  named 


MAIMS  O.V  POLARIZATION. 


iholinus  discovered  thai  a  ray  of  light  is  sjilit  into  two 
[J  passing  through  Iceland  spar  in  any  dircctbn  except 
Rig  the  axis  of  the  crystal ;  and  that  Huyghens  explained 
s  by  saying  that  the  crystal  was  more  elastic  in  one  direc- 
Q  than  in  another,  so  that  the  waves  moved  at  different 
s  through  it  (see  p.  179),  To  understand  Malus's  dis- 
11  must  also  remember  tliat  one  of  these  divided 
1/  it  falls  upon  a  second  crystal  in  the  same  manner  as 
'St,  goes  on  its  way  as  a  single  ray,  but  if  the  second 
istal  is  turned  round  a  little  the  ray  splits  up  again  into 
D  raj's. 

I  the  year   1 808,  M.  Malus  was  standing  at  his  study 

I  the  Rue  d'Enfer,  in  Paris,  looking  through  a 

I  of  Iceland  spar  at  the  sunlight  reflected  from  the 

s  of  the  Luxembourg  Palace,  which  stood  opposite. 

ince  he  observed  to  his  surprise  that  he  saw  only  one 

c  through  the  prism  instead  of  two.     Turning  his  prism 

;  got  the  two  images  again,  but  one  was  much 

[hier  than  the  other,  and  when  he  turned  the  crystal  a 

e  farther  the  other  image  disappeared,  and  he  had  only 

B  again.      In  fact,  the  light  which  was  reflected  from  the 

idow  at  one  particular  angle  (56°  45')  behaved  just  like 

if  the  divided  rays  which  has  come  out  of  a  crystal,  and 

t  like  an  ordinary  ray  which  comes  from  the  sun. 

\  This  remarkable  peculiarity  puziled  Malus  greatly,  and 

I  him  lo  make  a  great  many  experiments,  by  which  he 

xivered  that,  whenever  light  is  reflected  from  glass  at  this 

particular  angle  of  56°  45','  it  has  the  peculiar  characters  of 

A  divided  ray  which  has  passed  through  Iceland  spar.     Light 

ifiected  from  other  substances  is  also  divided  up  in  this 

',  only  the  angle  at  which  this  change  takes  place  is  dtf- 

I  The  polnriring  angle  of  glass  varies  belweeo  45'  35'aiid  58°,Miord- 

lure  of  the  glass. 
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ferent  for  each  different  substance.  Malus  was  the  fint 
to  call  this  peculiar  effect  polarisation^  and  light  whkii 
behaves  in  this  way  has  since  been  always  called  '  polariied 
light; 

His  discovery  led  to  a  completely  new  study,  for  people 
had  almost  forgotten  the  experiments  which  had  been  nude 
by  Huyghens  more  than  loo  years  before;  but  this  novel 
and  ciuious  fact  attracted  attention,  and  the  subject  was 
taken  up  agaia  Malus  did  not  live  to  explain  the  matter; 
he  found  out  many  remarkable  facts  about  it»  but  it  was 
Young  and  the  French  philosopher  Fresnel,  who  reallj 
worked  out  the  theory  of  the  polarization  of  light. 

Polarization  of  Light  explained  by  Toung  and 
Fresnel,  1816. — Augustin  Fresnel,  the  contemporary  and 
friend  of  Thomas  Young,  was  bom  at  Broglie,  in  France,  in 
1788.  He  was  a  delicate  backward  boy,  who  disliked 
books,  but  loved  practical  experiments,  and  he  followed  his 
tastes  by  becoming  an  engineer.  Being  a  Royalist,  how- 
ever, he  was  harshly  treated  by  the  Emperor  Napoleon  I., 
and  he  retired  to  Normandy  to  devote  himself  to  science. 
He  died  of  consumption  in  1827. 

It  is  very  difficult  to  decide  whether  Young  or  Fresnel 
was  the  first  to  point  out  how  certain  peculiar  vibrations  of 
the  ether  explain  the  polarization  of  light.  But  fortunately 
this  need  not  trouble  us,  for  the  men  themselves  were  not 
anxious  to  dispute  about  their  claims.  Young's  discoveries 
were  very  coldly  received  in  England,  for  very  few  men  un- 
derstood them ;  and  unfortunately  I-ord  Brougham  wrote 
some  severe  articles  against  them  in  the  *  Edinburgh  Re- 
view,' which  made  people  think  they  were  only  foolish 
speculations.  But  in  France  two  men,  Fresnel  and  his 
friend  M.  Arago,  understood  and  valued  Young's  labours 
as  soon  as  they  heard  of  them,  and  from  that  time  the  three 
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°ien  helped  each  other  in  every  way  without  the  least 
Jealousy  as  to  who  should  have  the  credit  of  the  work. 

Fresnel  had  puzzled  out  the  question  of  the  *  Interference 

of  Light '  before  he  heard  that  Young  had  done  so  too ;  and 

U  happened  that  while  Fresnel  and  Arago  were  one  day 

i&aking  experiments  upon  the  way  in  which  waves  of  light 

interfere  with  each  other,  they  found  that  the  ordinary  and 

extraordinary  rays  which  come  out  of  a  piece  of  Iceland  spar 

cannot  be  made  to  interfere  with  or  quench  each  other,  as 

may  happen  in  the  case  of  two  ordinary  rays.    (See  p.  3 1 5.) 

This  led  Fresnel  to  suspect  that  the  waves  in  the  two  rays 

must  move  in  a  different  manner.     He  wrote  this  to  Dr. 

Young,  and  found  that  he  also  had  the  same  idea ;  and  this 

led  to  a  number  of  experiments,  by  which  they  proved  at  last 

that  a  natural  ray  of  light  is  not  composed  merely  of  upright 

waves  as  in  A,  Fig.  60,  p.  322,  but  also  of  waves  from  side 

to  side  as  in  B,  and  others  at  every  angle  between  these  two, 

so  that  the  ray  is  really  round  and  not  flat ;  when  light  is 

polarized,  this  complex  vibration  is   destroyed,   and   the 

waves  of  each  ray  move  only  in  one  plane. 

To  understand  this,  take  a  piece  of  string,  and,  fastening 
one  end  to  the  wall,  hold  the  other  end  in  your  hand.  If 
you  now  move  your  hand  up  and  down,  you  will  make 
waves  in  the  string  which  will  point  up  to  the  ceiling  and 
down  to  the  ground,  making  what  are  called  vertical  vibra- 
tions (a,  Fig.  60).  Stop  this  movement,  and  then  move 
your  hand  from  side  to  side;  the  waves  will  now  point 
from  wall  to  wall  in  horizontal  vibrations  (b.  Fig.  60).  If 
you  then  move  your  hand  so  that  it  points  to  the  ceiling 
to  your  right,  and  the  floor  to  your  left,  you  get  waves 
between  the  two  others,  and  so  you  can  go  on  varying  the 
position  of  the  waves  in  all  directions  \  or,  in  scientific  Ian- 
guage,  you  cause  the  string  to  vibrate  in  different  plana, 

Y 
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Now  Young  and  Fresnel  proved  that  a  natural  lay  of 
light  is  composed  of  all  these  different  waves  moving  at  di^ 
same  time,  some  up  and  down,  some  from  side  to  nde^  and 
some  between  the  twa  But  when  the  lig^  passes  Aroof^ 
a  piece  of  Iceland  spar,  there  are  two  and  only  two  wajs  in 
which  the  waves  can  move :  one  up  and  down — and  akog 
this  path  one  ray  of  light  goes ;  the  other  from  side  to  A 
at  right  angles  to  the  first — and  along  this  the  other  ny  goc 
and  so  they  become  divided. 

You  can  imitate  this  by  passing  your  string  thnm^  « 
card  with  a  straight  slit  in  it  Place  the  card  upri^t,  as 
at  A,  Fig.  60,  and  it  is  dear  that  the  waves  will  be  iip  and 


Fig.  6a 

Diagram  illustrating  the  passage  of  Waves  of  Light  through  a  crystal. 

A,  Waves  moving  in  a  vertical  plane,    b.  Waves  moving  in  a  horiaontal  plane. 

down  ;  place  it  sideways,  as  at  b,  and  the  waves  will  be  from 
side  to  side.  These  two  positions  of  the  card  imitate  the 
two  paths  of  a  ray  of  light  through  a  oystal,  and  they  show 
how  the  difference  in  the  peculiarities  of  the  divided  rays  is 
caused  by  their  moving  in  a  different  plane. 

We  cannot  follow  this  out  more  completely  in  a  history, 
for  the  polarization  of  light  is  a  very  difficult  subject ;  but 
this  was  the  first  step  made  in  it  Fresnel  afterwards 
worked  out  accurately  why,  when  light  is  reflected  at  a 
certain  angle,  the  vibrations  are  all  made  to  move  in  one 
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SO  the  light  is  polarized,  as  Malus  had  found  it 
the  surface  of  Ihe  Luxembourg  windows.  He 
i  how  in  some  crystals,  as  in  quartz  crystals,  the 
nade  to  act  upon  each  other,  so  that,  instead  of 
uid  fro,  they  wind  round  and  round  like  the  wire 
rew.  These  and  many  other  experiments,  as,  for 
lose  upon  the  beautiful  colours  caused  by  polar- 
e  carried  much  farther  by  the  eminent  French 
.  Biot  (bom  1774,  died  i86a),  and  by  Sir  David 
om  1784,  died  1868),  but  they  are  too  long  and 
be  expl^ned  here.  As  I  said  at  the  beginning 
pter,  the  '  Theory  of  Light '  rc(|ijires  a  special 
if  you  have  understood  something  of  the  move- 
e  supposed  ether  waves — bow  ihey  can  interfere 
other  and  produce  hght  or  darkness,  how  they 
loured  rings  in  the  soap-bubble,  and  how  their 
ire  altered  in  passing  through  a  crystal  or  in  re- 
certain  angles — you  have  learnt  as  much  as  can 
asped  of  the  discoveries  of  Young  and  Fresnel. 
y  of  Light  in  Air  and  Water— Pizaau— 
—It  is  necessary,  however,  to  mention  here  one 
f  of  the  wave-theory  of  light  although  the  detailed 
}  are  too  complicated  to  understand  without  long 
.  M.  Fizeau  and  M.  Leon  Foucaull,  eminent 
irsicists,  have  invented  two  different  methods  by 
■elocity  of  light  can  be  accurately  measured.  M. 
;)ends  upon  the  rotation  of  a  toothed  wheel  behind 
cuts  offa  reflected  ray,  or  allows  it  to  pass,  accord- 
ate  at  which  the  wheel  is  turned.  M.  Foucault's 
the  rotation  of  a  small  mirror  revolving  in  its  own 
1  coin  upon  its  edge,  by  means  of  which  the  spot 
m  a  ray  changes  its  position  perceptibly  in  the 
Tval  of  time  occupied  by  the  reflection  of  the  ray. 
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By  means  of  these  methods  it  is  possible  to  measure  veij 
accurately  how  long  a  ray  of  light  takes  in  passing  throu^ 
any  medium.  Now  if  Newton's  '  Corpuscular  Theory'  had 
been  true,  a  ray  ought  to  pass  more  rapidly  through  water 
than  through  air,  but  on  the  Undulatory  Theory  the  opposite 
should  be  the  case.  MM.  Fizeau  and  Foucault  have,  how- 
ever, found  that  light  will  travel  four  miles  in  air  in  the 
time  that  it  will  only  travel  three  miles  in  water,  thus  giiring 
almost  demonstrative  proof  that  the  undulatory  theory  of 
light  is  the  true  one. 


Chitf  Works  consulted, — Young's  *  Lectures  on  Natural  Philosophr/ 
1845;  Peacock's  *  Life  and  Works  of  Young;'  Arago's  •  £logc  ci 
Fresnel ; '■  Ilcrschel's  *  l-eclures  on  Familiar  Subjects;*  Tj-ndall.  'Oc 
Light ;'  Spoltiswoode's  '  Polarization  of  Light ;'  Whewell's  *  Inducliw 
Sciences.' 


SPECTRUM  ANALYSIS. 


CHAPTER    XXXIV. 

■jciekce  of  the  nineteenth  centurv  (continued). 

Spectrum  AaaJysis  and  its  Applications  to  Tcrresltiik]  and 
Celestial  Bodies. 

Higtory  of  Speotram  Analysis,  1800-1861. — We   now 

tome  to  the  history  of  Spectrum  analysis,  or  the  study  of 
the  various  coloured  bands  produced  by  differetit  kinds  of 
light  when  seen  through  a  prism.  This  is  certainly  one  of 
the  most  wonderful  discoveries  of  our  century,  and  though 
its  history  is  difficult,  partly  because  it  belongs  to  our  own 
time  and  is  going  on  even  now,  yet  we  may  leam  something 
about  iL  The  first  step  was  made,  as  you  will  remember, 
*fhen  Newton  discovered  that  white  light  is  composed  of 
different  coloured  rays,  but  even  he  little  suspected  what 
histories  those  rays  could  be  made  to  tell. 

Discovery  of  Hest-rays  by  Sir  William  Eerachel, 
ISOO.^One  of  the  first  facts  which  was  leamt  in  this  cen- 
tury about  the  spectrum  was,  that  the  coloured  band  which 
is  seen  when  a  ray  of  white  light  is  passed  through  a  prism 
does  not  give  us  the  whole  of  the  dispersed  ray ;  for  there 
are  many  invisible  rays  at  both  ends  of  the  coloured  part 
which  are  very  active,  though  we  cannot  see  them. 

It  had  always  been  thought  that  the  hottest  rays  muftI 
be  those,  such  as  the  yellow  ones,  which  give  ihe  most  light,! 
Bpd  in  the  year  1800  Sir  William  Herschel,  wishing  to  b 
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this,  took  a  thermometer  and  passed  it  gradually  fiom  one 
end  to  the  other  of  the  coloured  band.  The  result  was 
curious.  He  began  at  the  violet  end  of  the  spectrum  (Plate 
I.  No.  I,  p.  330),  and,  as  he  expected,  the  thermometer  rose 
higher  and  higher  as  he  approached  the  yellow  part ;  but 
to  his  surprise  it  did  not  stop  here.  When  he  passed  on 
through  the  yellow  into  the  red,  the  heat  still  increased, 
and  even  became  more  intense  as  he  passed  out  of  the 
coloured  band  altogether  into  the  darkness  beyond.  Sy 
this  experiment  he  found  that  the  heat-rays  extend  for  some 
distance  beyond  the  red  colour,  and  that  they  are  strongest 
in  that  part  where  no  light  is  to  be  seen. 

Disoovery  of  Chemical  Bays  by  Bitter,  180L^ 
Soon  after  Sir  William  Herschel  had  discovered  the  dark 
heat-rays,  a  still  more  remarkable  fact  was  brought  to  light 
about  the  violet  end  of  the  spectrum.  The  Danish  chemist 
Schecle,  whom  you  will  remember  as  one  of  the  discoverers 
of  oxygen  (see  p.  230),  had  once  remarked  that  nitrate  of 
silver  will  turn  black  if  the  violet  rays  of  a  spectrum  are 
thrown  upon  it.  In  1801  Professor  Ritter,  of  Jena,  was 
repeating  this  experiment,  and  he  found  that  the  black 
l)atches  appeared  slightly  on  those  parts  of  the  j:)ai)er  where 
the  violet  rays  fell,  but  very  strongly  indeed  beyond  those 
rays  where  the  spectrum  was  quite  dark.  So  that  at  this 
end  also  there  are  invisible  rays,  and  these  have  the  extra- 
ordinary power  of  decomposing  or  breaking  up  nitrate  of 
silver,  and  some  other  substances,  so  as  to  leave  distinct 
marks  upon  anything  touched  by  them. 

Photography. — You  will  see  at  once  that  this  is  the 
secret  of  Photography.  In  1802,  Sir  Humphry  Da\7  and 
Dr.  Thoinas  Wedgwood  suggested  that  pictures  might  be 
taken  in  this  way  by  the  rays  of  the  sun  acting  upon  chloride 
of  silver,  and  they  even  succeeded  in  making  some.    But 


"■ey  tould  not  prevent  them  from  fading  away  again,  and 
1  "as  not  until  1839  that  a  Frenchman  named  Daguerre 
Isamt  how  to  fix  the  pictures  so  that  they  would  remain,  and 
f  Ifr.  Fox  Talbot  afterwards  improved  the  process.  We  cannot 
enter  here  into  a  complete  account  of  photography,  but  you 
may  form  some  idea  of  how  the  rays  of  light  produce  a  picture. 
When  you  go  to  have  your  photograph  taken,  the  glass 
plate  which  is  to  receive  your  picture  has  been  first  covered 
with  a  thin  film  of  collodion,  that  is  gun  cotton  dissolved 
in  ether  and  alcohol  and  then  bathed  in  a  solution  of 
nitrate  of  sliver. 

When  you  stand  in  front  of  it  and  it  is  uncovered,  a 
luminous  image  of  your  face  or  body,  which  has  been 
brought  to  a  focus  on  the  lens  of  the  camera,  falls  upon  the 
plate,  and  the  chemical  rays  (which  are  chiefly  those  beyond 
ihe  violet  end  of  the  spectrum)  decompose  the  nitrate  of 
silver.  You  can  see  nothing  when  the  plate  is  taken  out  of 
the  box  in  which  it  was  placed,  but  by  pouring  some  more 
chemicals  called  protosulphite  of  iron  and  pyrogallic  add 
upon  it,  the  parts  which  the  light  has  touched  all  start  out 
in  different  shades,  exactly  in  proportion  as  the  chemical 
waves  of  light  have  fallen  upon  them  strongly  or  feebly.  The 
picture  will  be  exactly  the  opposite  to  your  real  appearance, 
because  where  most  light  has  fallen,  there  the  chemicals 
will  be  most  decomposed  and  will  leave  the  blackest  lints. 

Another  fluid  called  hyposulphite  of  sodium  is  next 
poured  upon  the  plate  to  dissolve  away  any  nitrate  of  silver 
which  remains,  so  that  when  the  sun  next  falls  upon  it  it 
may  not  blacken  the  rest  of  the  plate  and  destroy  the  picture. 
Then  the  glass  plate  is  again  placed  in  the  sun  with  pa[ier 
under  it  which  has  been  soaked  In  a  solution  of  chloride 
of  sodium  and  nitrate  of  silver ;  and  now  the  shades  are 

td.     Under  the  dark  parts  of  the  plate  the  sun  will 
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act  feebly  on  the  paper,  and  produce  light  patches,  while 
through  the  light  parts  it  will  act  strongly  and  produce 
shadows.  And  in  this  way  the  lights  and  shades  of  youi 
image  will  appear  in  their  right  places  on  the  paper.  The 
printed  sensitized  paper  is  now  bathed  in  hyposulphite  of 
soda,  which  dissolves  off  the  unaltered  chloride  of  silver, 
leaving  the  photograph  permanently  printed  in  reduced  or 
metallic  silver.  All  this  work  is  done  by  those  chemical 
rays  which  are  chiefly  at  and  beyond  the  violet  end  of  the 
spectrum,  and  this  explains  why  bright  red  and  yellow  objecti 
come  out  dark  in  a  photograph,  because  these  colours  con- 
tain so  few  of  those  particular  chemical  rays,  while  the 
darkest  Muc  and  violet  come  out  nearly  white,  because  thej 
act  strongly  upon  the  nitrate  of  silver. 

It  was  formerly  thought  that  the  chemical  rays  of  the 
spectrum  acted  almost  entirely  at  the  violet  end,  but  Captain 
Abney  has  discovered  that  by  using  a  peculiar  film  of  silvei 
bromide,  he  can  produce  photographic  impressions  by  rays 
far  into  the  red  of  the  spectrum,  showing  that  the  chemical 
action  does  not  so  much  depend  upon  peculiar  rays  as  upon 
the  sensitiveness  of  the  molecules  of  certain  substances  to 
the  different  rates  of  vibration  in  the  various  parts  of  the 
spectrum. 

Wollaston  first  obsGrres  the  Dark  Lines  in  th* 
Spectriun,  1802. — In  the  same  year  that  Ritter  discovered 
the  chemical  rays  at  the  dark  end  of  the  spectrum  which 
have  given  us  the  whole  art  of  photography.  Dr.  Wollaston, 
one  of  our  most  celebrated  chemists  (born  1766,  died  i8>8)^ 
first  saw  the  dark  lines  in  the  spectrum  which  have  enabled 
us  to  discover  the  actual  materials  which  exist  in  the  sua 
and  stars.  Dr.  Wollaston,  who  made  many  good  experimejita 
on  light,  was  one  day  examining  ordinary  daylight  through. 
3  prism,  and  instead  of  letting  in  the  light  by  a  round  hols. 
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or  large  slit  in  the  shutter  as  Newton  had  done,  he  made 
only  a  very  thin  slit,  so  that  the  colours  of  the  spectrum 
were  prevented  from  overlapping  each  other,  as  they  had 
done  in  Newton's  experiment.  The  result  was  that  seven 
dark  upright  lines  or  spaces  appeared  in  the  band  of  colour, 
vhicb  seemed  to  show  that  no  Ught  fell  on  those  parts. 
Wolloston  did  nothing  more  than  point  out  the  existence  of 
these  lines;  but  in  1814  Fraunhofer,  a  German  optician, 
who  had  heard  nothing  of  Wollaston's  experiment,  discovered 
them  over  again  independently,  and  learnt  more  about  them. 
Fraunhofer,  1787-1636. — Joseph  Fraunhofer,  the  son 
of  a  glazier,  was  bom  in  1787,  at  Straubing,  in  Bavaria. 
Being  left  an  orphan  when  quite  young,  he  was  apprenticed 
to  a  glass  manufacturer,  who  kept  him  hard  at  work  all  day. 
But  he  longed  so  much  for  knowledge  that  he  borrowed 
some  old  books  and  spent  his  nights  in  learning.  In  the 
year  1801  the  house  in  which  he  hved  fell  down  one  night 
and  killed  all  the  people  in  it  except  young  Fraunhofer, 
and  his  cries  being  heard  by  the  people  outside,  they  set  to 
work  lo  try  and  release  him.  It  happened  that  Maximilian 
Joseph.  Elector  of  Bavaria,  came  to  sec  the  accident,  and 
he  encouraged  the  workmen  so  much,  that  in  four  hours  the 
young  man  was  dug  out,  wounded,  but  alive.  The  Elector 
was  so  much  interested  in  this  narrow  escape,  that  he  gave 
Fraunhofer  eighteen  ducats,  and  the  lad  used  the  money  to 
buy  himself  off  from  his  apprenticeship  in  order  to  have  some 
free  lime  forstudy.  After  this  he  lived  by  pohshlng  lenses, 
and  he  worked  so  well  that  he  soon  became  the  master  of 
a  business,  and  was  able  to  spend  his  spare  time  in  the  study 
of  Physics  and  Astronomy,  which  he  loved  passionately, 
Finally  he  became  manager  of  the  physical  laboratory  of  an 
iicademy  in  the  town  of  Bencdictbaiern,  near  Munich. 
Fraunhofer's  DiBcoveries  about  the  Spectrum,  1814. 
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— From  having  been  constantly  a|  work  as'  an  optidan, 
Fraunhofer  had  been  led  to  study  die  subject  of  U^it,  and 
among  other  experiments  he  repeited  those  of  Newtop ;  and 
it  happened  that  he  too  used  a  narrow  slit,  as  Wollaston 
had  done.  Thus  he  also  noticed  the  Uack  lines  whkfa 
divided  the  colours,  and  by  making  his  slit  very  nanow  and 
using  prisms  of  very  pure  glass  he  discovered  in  a  xay  of 
sunlight  no  less  than  576  of  these  black  lines.  Plate  I., 
Na  2f  gives  a  few  of  the  principal  of  these,  to  which  be  put 
letters,  and  which  have  ever  since  been  called '  Frannhofer^s 
lines.'  As  none  of  these  lines  appear  when  the  hfjtit  of  a 
candle  or  lamp  is  passed  through  a  prism,  Fhiunhofer  con- 
cluded that  sunlight  must  be  defective,  and  some  of  its 
coloured  rays  must  be  missing.  For,  as  numberless  waves 
of  coloured  light  are  passing  through  the  slit  and  the  prism 
spreads  them  out  so  that  each  set  of  waves  makes  an 
upright  image  of  the  slit  on  the  spectrum,  if  any  waves  were 
missing  there  would  be  a  dark  image  of  the  slit  instead  of 
a  coloured  one. 

By  far  the  best  way  of  understanding  this  is  to  see  it  for 
yoursel£  Sir  John  Herschel  saj^  that  a  little  inexpensive 
instrument  may  be  easily  made  with  a  hollow  tube  of  metal, 
blackened  inside,  a  prism  fixed  in  it,  and  a  metal  plate  with 
a  narrow  slit  fastened  across  the  end  of  the  tube.  I  have 
not  been  able  to  find  so  simple  an  instrument  as  this ;  the 
cheapest  sold  by  Mr.  Browning,  the  well-known  spectroscope 
maker,  in  the  Strand,  costs  twenty-two  shillings,  and  with 
this  you  may  see  the  black  lines  clearly  when  you  turn  it 
to  the  sun.  But  if  this  is  not  to  be  had,  you  may  gain 
some  idea  of  the  principle  of  the  dark  lines  by  the  following 
illustration.  Colour  a  strip  of  paper  exactly  like  the  con- 
tinuous spectrum.  No.  i,  Plate  I.,  and  then  cut  it  across  into 
v^ry  narro7if  strips  and  place  them  in  order  side  by  side  on 
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a  dark  ground ;  each  strip  will  represent  an  image  of  the 
slit,  and  the  whole  will  be  a  continuous  spectrum  as  before. 
Sut  now  suppose  one  set  of  waves  to  be  wanting ;  take  out 
one  of  your  strips  and  you  will  have  a  dark  space.  This 
represents  one  of  the  black  lines  in  the  spectrum  where  a 
dark  image  of  the  slit  is  thrown,  and  if  you  take  out  those 
which  correspond  to  the  lines  in  the  sun  spectrum  No.  2, 
you  will  have  an  illustration  of '  Fraunhofer's  lines.' 

Fraunhofer  measured  these  black  lines  with  the  greatest 
care,  and  he  found  that  in  every  ray  of  sunlight  they  came 
exactly  in  the  same  places.  Then  he  tried  the  light  of  the 
moon  and  Venus  \  still  the  black  lines  were  the  same,  for 
these  planets,  as  you  know,  only  shine  by  the  light  of  the 
sun.  But,  when  he  turned  his  telescope  to  the  stars  and 
caught  their  light,  he  found  a  difference.  There  were  dark 
lines  in  the  star-spectrum,  but  they  were  not  all  in  the  same 
place  as  those  in  the  sun-spectrum,  as  you  will  see  if  you 
compare  No.  2,  Plate  I.,  with  the  star-spectrum,  No.  5,  in 
which  the  lines  seen  on  the  right-hand  side  of  the  solar 
spectrum  are  entirely  wanting. 

Fraunhofer,  therefore,  argued  in  this  way :  If  the  black 
spaces  were  caused  by  some  of  the  waves  being  stopped  in 
coming  through  our  own  atmosphere,  they  would  be  the  same 
in  any  spectrum  wherever  the  light  came  from.  But  as 
these  dark  spaces  are  different  in  the  starlight  from  what 
they  are  in  the  sunlight,  there  must  be  some  real  difference 
between  the  light  of  the  sun  and  the  light  of  the  stars  before 
it  comes  to  us.  This  was  the  first  step  in  the  study  of  the 
heavenly  bodies  by  means  of  spectrum  analysis. 

Experiments  on  the  Spectra  of  different  Flames, 
1822. — For  more  than  forty-five  years  these  black  lines  re- 
mained a  complete  puzzle  to  all  who  studied  the  spectrum, 
but  in  the  meantime  Sir  John  Herschel,  Mr.  Fox  Talbot, 
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Sir  David  Brewster,  and  others,  had  made  many  valuabk 
experiments  upon  the  colours  produced  by  different  buming 
lights.  You  know  already  that  it  is  possible  to  make 
coloured  flames  by  buming  certain  substances.  For  in- 
stance, if  you  put  common  salt  in  a  spirit-flame,  it  will  bum 
with  a  yellow  colour,  while  a  substance  called  nitrate  of 
strontium  will  give  a  brilliant  red  flame,  and  is  used  in  making 
red  Are  for  the  theatres.  Many  other  metals  and  earths, 
however,  tinge  the  flame  so  slightly  that  you  cannot  see  the 
colour,  and  it  is  only  by  passing  the  light  through  a  slit  and 
examining  it  by  means  of  a  prism  that  you  can  detect  it 

It  had  long  been  known  that  light  from  white-hot  solids 
and  liquids  when  passed  through  a  prism  produces  a  con- 
tinuous spectrum,  that  is,  a  coloured  band  unbroken  by  any 
dark  lines.  A  white-hot  poker,  for  example,  will  give  the 
spectrum  No.  i,  Plate  I.,  and  so  will  white-hot  paraffin. 
But  gases  or  vaj^ours,  when  they  are  heated  so  as  to  be- 
come luminous,  do  not  give  a  continuous  band  of  colour, 
they  only  produce  a  few  bright  lines,  such  as  those  in  Nos. 
3  and  4.  You  can  see  this  by  putting  a  pinch  of  salt  into 
a  candle-flame,  and  examining  it  through  Browning's  liiile 
spectroscope.  The  sodium  in  the  salt  will  be  reduced  to  a 
luminous  vapour  in  the  flame,  and  will  give  the  bright  line 
in  No.  3  in  the  table  of  spectra,  standing  out  from  the  con- 
tinuous spectrum  given  by  the  candle-flame. 

Now  there  is  a  remarkable  peculiarity  about  these  bright 
lines  formed  by  gases  or  vapours,  namely,  that  they  an 
different  for  the  gas  or  vapour  of  rccry  different  substance. 
Thus,  if  you  burn  any  substance  containing  sodium,  a  bright 
yellow  stripe  will  appear  as  in  No.  3  ;  while  hydrogen  will 
give  one  red,  one  blue,  and  one  violet  stripe,  as  in  No.  4. 
This  test  is  so  true  and  delicate  that  the  hundred  and 
eighty-millionth  part  of  a  grain  of  sodium  wiU  give  the 
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Ttllow  line  ;  nor  does  it  matter  if  many  incandescent  gases 
*rt  mingled  together,  for  the  vapour  of  each  one  will  give  its 
**»  AVfta  without  interfering  with  the  others. 

Il  was  Sir  John  Herschel  in  1822  who  first  suggested  that 
by  reducing  substances  to  incandescent  gases  in  a  flame,  and 
marking  the  bright  lines  which  they  produced,  it  would  be 
possible  to  detect  the  most  minute  quantities  of  any  metal 
or  earth  which  they  contained,  and  Mr.  Fox  Talbot  carried 
out  this  suggestion  in  1834.  By  this  means  in  the  course 
of  time,  spectroscopists,  or  men  who  made  the  spectrum  their 
study,  were  able  to  map  out  accurately  the  coloured  lines  of 
every  known  substance ;  and  what  is  still  more  wonderful, 
new  metals  were  actually  discovered  by  the  new  bright  lines 
they  threw  on  the  spectrum.  The  first  two  of  these  new 
metals,  called  Casiiim  and  Rubidium,  were  discovered  by 
Bunsen  and  Kirchhoff  in  i860 ;  the  third,  called  Thallium, 
which  throws  a  beautiful  green  line,  was  found  by  Mr, 
Crookes  in  1861  ;  the  fourth,  called  Indium,  which  gives 
two  indigo  coloured  lines,  was  first  seen  by  Richter  and  Reich 
in  1864 ;  and  a  fifth,  called  Gallium,  was  discovered  by  M. 
Lecoq  de  Boisbaudran  in  1875.  Thus  spectrum  analysis 
gives  us  an  entirely  new  and  sure  way  of  analysing  or  dis- 
covering the  different  elements  in  any  substance. 

Bunsen  and  Kirchhoff  explain  the  Dark  Lines  In 
the  Suri  Spectrum,  1661.^But  for  a  long  time  no  one 
could  solve  the  question  of  the  black  lines  in  the  solar  spec- 
trum. Sir  David  Brewster  came  vecy  near  to  il  once,  but 
just  failed  to  hit  upon  the  truth.'  At  last,  in  1861,  only 
>  Sii  WllUam  Thomson  stulM  in  his  address  10  the  Brilish  Associa- 
tion in  1871,  ihat  Professor  Stokes  gave  the  true  exptanntion  of  these 
lines  in  his  lectures  at  Cambriilgc  in  1E51,  although  he  did  oot  publish 
anything  about  it,  and  his  idea  was  not  generally  known.  Balfour 
itewart  had  also  ihown  in  1S58  that  a  body  absorbs  the  same  kind  and  _ 
It  of  light  and  heat  rajs  which  il  radiates  when  healed. 
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fourteen  years  ago,  Bunsen  and  Kirchhoff,  two  celebrated 
professors  of  chemistry  and  physics  at  Heidelberg,  discovered 
the  secret. 

These  two  men  had  been  making  a  long  set  of  careful 
experiments  upon  all  the  different  substances  of  our  globe, 
burning  rhem  and  examining  their  vapours  one  by  one, 
and  marking  the  bright  lines  of  each  upon  the  spectrum. 
In  doing  this  they  did  not  use  one  prism  only  as  Fraun- 
bofer  had  done,  but  four  {see  Fig  6i),  so  arranged  that 
the  light  coming  in  through  a  slit  at  the  beginning  of  the 


tube  A,  was  spread  out  more  and  more  through  each  prism 
as  it  passed,  and  fell  in  a  spectrum  on  the  object  glass,  c,  of 
the  telescope  b,  through  which  they  examined  it  The? 
soon  found  that  in  order  to  mark  the  exact  position  of  the 
bright  lines  of  each  gas  upon  the  spectrum,  they  wanted  some 
fixed  measure,  and  it  occurred  to  them  that  the  black  lines 
of  the  solar  spectrum,  which  never  change,  would  make  a 
good  scale  with  which  to  compare  all  the  others.  So  they 
arranged  their  spectroscope  in  such  a  manner  that  one-half 
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of  the  slit  was  lighted  by  the  sun  and  the  other  half  by  a 
luminous  gas.  In  this  way  No.  i,  Plate  L,  would  appear 
above,  and  No.  3,  for  example,  immediately  below  it, 

^V■h^le  doing  this  they  could  not  help  remarking  that  the 
bright  yellow  line  of  the  sodium  spectrum,  No.  3,  n-as  exactly 
in  the  same  position  as  the  black  line,  d,  in  the  solar  spec- 
trum ;'  and  Kirchhoff  found  that  when  he  passed  a  faint  ray 
of  sunlight  through  luminous  sodium  vapour  (so  as  to  make 
the  two  speata,  a  and  3,  cover  each  other),  the  yellow  line 
exaaly  filled  the  black  line  with  its  light,  He  now  wished 
to  see  how  bright  he  could  make  the  soJar  spectrum  without 
overpowering  the  light  of  the  sodium,  so  he  let  the  full  sun- 
shine pass  through  the  sodium  flame.  To  his  great  aston- 
ishment he  saw  the  black  line  at  d  start  out  more  strongly 
than  ever.  The  sodium  light  while  being  overpowered  itself 
had  absorbed  some  of  the  yelltnv  light  of  the  sun  ! 

This  suggested  to  him  the  idea  that  the  black  line  n  must 
be  caused  by  the  white  light  from  the  sun  passing  through 
sodium  vapour  before  it  reaches  us.  There  was  a  very  simple 
way  of  proving  whether  this  were  so,  for  burning  solids,  you 
remember,  give  a  continuous  spectrum  (i,  Plate  I.);  there- 
fore, if  he  could  produce  a  dark  line  by  passing  the  light  of 
a  burning  solid  through  glowing  sodium  vapour,  he  would 
imitate  one  of  the  defects  in  sunlight.  So  he  burned  a  lime- 
light, and  when  he  had  the  continuous  coloured  band  in  his 
spectroscx>pe,  he  burned  a  flame  coloured  by  sodium  between 
ihe  lime-light  and  the  prism.  The  experiment  was  quite 
■  I'.cessful ;  the  dark  space,  D,  started  out  upon  the  spectrum, 
.md  thus  he  proved  beyond  doubl  that  inMnJeumt  or  glmo- 
i/i.i'  iodium  Tapour  absorbs  out  of  white  light  exactly  those  same 
iiiys  whieh  it  gives  out  itself  when  glowing. 

'  Thb  line  ii  roily  fonned  of  many  lincl  wliich  can  be  seen  in  a. 
puwcriul  tpcctriMCOpe,  bill  it  appears  single  in  a  unall 
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He  repeated  the  experiment  with  other  burning  metals, 
such  as  potassium  and  strontium,  and  always  with  the  same 
result.  Ecuh  incandescent  gcu  absorbed  out  of  white  SgM 
exactly  those  rays  which  it  gave  out  itself  when  Rawing, 

The  black  lines  in  the  solar  spectrum  were  now  explained, 
for  each  one  of  them  must  imply  that  some  paiticular  ray  of 
sunlight  has  been  absorbed  by  a  gas  between  the  sun  and 
us,  and  it  must  have  been  absorbed  tuctr  the  sun,  as  Fraun- 
hofer  had  pointed  out,  because  the  lines  are  different  in 
light  which  comes  from  the  stars,  showing  that  in  that  case 
it  has  passed  through  other  kinds  of  gases.  Therefore 
Kirchhoff  concluded  that  round  the  solid  or  liquid  body  of 
the  sun,  which  gives  out  white  light,  and  would  of  itself  pro- 
duce a  continuous  spectrum,  there  must  be  an  atmosphoe 
of  gases  of  different  kinds,  which  absorb  or  destroy  particular 
rays  of  light,  and  prevent  them  reaching  us. 

If  this  is  the  case,  it  is  clear  that  we  can  tell  from  the 
lines  in  the  spectrum  what  gases  and  vapours  there  are  in 
this  solar  atmosphere.  For  example,  there  must  be  sodium 
which  cuts  off  the  rays  which  ought  to  come  to  d,  and  there 
must  be  also  iron,  magnesium,  calcium,  chromium,  potas- 
sium, rubidium,  nickel,  barium,  lead,  copper,  zinc,  strontium, 
cadmium,  cobalt,  uranium,  cerium,  vanadium,  palladium, 
aluminium,  titanium,  hydrogen,  and  carbon,  for  the  bright 
lines  of  all  these  metals  are  wanting  in  the  solar  spectrum, 
showing  that  the  white  light  from  the  body  of  the  sun 
must  have  passed  through  their  gases.*  Sir  W,  Herschcl 
had  supposed  the  sun  to  be  a  dark  body  surrounded  by  a 
luminous  atmosphere.  But  we  see  that  spectrum  analysis 
shows  just  the  opposite  to  be  true.     The  body  of  the  sun 

1  On  the  20th  of  July  1877  Prof.  Henry  Draper  of  New  York 
announced  the  existence  of  oxygen  in  the  sun,  but  some  doubt  sdH 
remains  upon  this  ^Vnl. 
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^SI  be  an  intensely  heated  body  giving  out  light,  and  If 
''  *S  composed  of  gas  it  must  be  so  dense  as  to  act  as  a 
^uid  and  give  a  continuous  spectrum.  This  body  is  called 
'^^  pkotoipherf,  or  light-giving  sphere ;  and  around  it  lies  the 
*olar  atmos[)here  in  which  the  gases  above  mentioned  have 
'^ten  discovered.  This  atmosphere  is  supposed  to  be  from 
Soo  to  looo  miles  high,  and  it  has  still  another  envelope 
Outside  it.  In  1842  a  white  light  or  corona  was  seen  round 
the  sun  when  it  was  totally  eclipsed  by  the  moon,  and  red 
flames  were  observed  shooting  up  into  it.  We  do  not 
even  now  know  clearly  what  this  corona  is,  but  the  red 
flames  or  '  prominences,'  as  ihey  are  called,  were  studied 
during  the  eclipse  of  1868  by  Professor  Janssen  in  India, 
and  Mr.  Lockyer  in  England,  and  they  both  saw  two  vivid 
hydrogen  lines  (see  No.  4  Plate  II.),  together  with  a  third 
line  not  yet  well  understood.  The  red  prominences  then 
are  naade  up  chiefly  of  hydrogen  gas,  and  Janssen  and 
Lockyer  proved  that  they  are  jets  from  an  envelope  of  this 
gas  which  may  be  observed  everywhere  round  the  sun's 
atmosphere  to  a  height  of  5000  miles.  To  this  envelope 
Mr.  Lockyer  has  given  the  name  of  chromosphere,  which 
has  been  generally  adopted,  although  "  chromatosphere  " 
would  be  more  correct.  It  is  only  the  bright  light  from 
the  body  of  the  sun  which  prevents  our  seeing  this 
hydrogen  envelope  at  all  times,  and  Janssen  succeeded 
in  an  ingenious  way  in  making  the  hydrogen  visible 
even  in  broad  sunlight.  He  passed  the  light  through 
many  prisms  at  such  angles  that  it  was  spread  out  till  it 
became  very  faint  indeed,  and  then  it  no  longer  hid  the 
hydrogen  lines,  and  they  could  be  clearly  seen.  The  '  red 
prominences'  or  eruptions  from  the  chromosphere  vary  very 
much  both  in  their  height  and  the  time  they  remain.  Some 
shoot  up  15,000  or  20,000  miles  in  a  minute  and  fall  back 


I 


k 


338  NINETEENTH  CENTURY.  ft.  111. 

like  jets  of  water  ;  othere  remain  for  some  days,  and  Respnghi 
tells  us  that  they  reach  a  height  of  80,000  miles  or  more, 
Thus  we  have  evidence  in  the  sun  oi  a.  photosphere,  or  lumi- 
nous body,  in  the  centre,  an  atmosphere  of  cooler  gases  round 
it  which  absorbs  part  of  its  light  and  causes  the  dark  tines 
in  the  spectrum,  and  a  chromosphere  or  colom-ed  sphere  of 
hydrogen  gas  which  throws  out  jels  of  enormous  height  into 
a  corona,  the  nature  of  which  is  as  yet  very  imperfectly  under- 
stood. The  spots  on  the  sun  which  Galileo  noticed  have  also 
lately  been  much  studied,  especially  by  De  la  Rue,  Balfour 
Stewart,  and  Loewy :  they  apjjear  to  be  hollows  which  open 
from  time  to  time  in  different  places  in  the  body  or  photo- 
sphere of  the  sun.  We  cannot  discuss  them  here,  but  spec- 
trum analysis  has  helped  to  prove  that  they  are  depressions. 

The  solar  spectrum  has  now  been  mapped  out  with 
wonderful  accuracy,  and  the  name  of  Professor  Angstrom, 
of  Sweden,  will  always  be  remembered  as  one  of  the  most 
able  workers  in  this  path. 

Dr.  Huggins  and  Dr.  Miller  examine  the  Stan  by 
Spectrum  Analyais,  1862. —  Only  a  few  months  after 
Kirchhoff  had  proved  that  the  black  lines  in  the  solar  spec- 
trum reveal  to  us  what  elements  exist  as  gases  around  the 
sun,  two  English  chemists.  Dr.  Miller,  who  died  a  few  yean 
ago,  and  Dr.  Huggins,  who  is  still  living,  began  to  try  thS' 
same  experiments  with  the  other  heavenly  bodies. 

Their  instruments  were  now  much  more  perfect  than 
those  which  Fraunhofer  had  used,  and  they  were  able  to 
the  effects  of  our  own  atmosphere  ujwn  sunlight.  Whe« 
the  sun  is  setting  and  its  light  has  to  pass  through  a  long 
layer  of  air  before  it  reaches  us,  faint  lines  appear  on  the 
spectrum,  because  some  light  is  absorbed  by  the  wateiy 
vapours  in  our  atmosphere.  Now,  when  Miller  and  Huggim 
examined  the' light  which  comes  from  Jupiter,  they  found 
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three  or  four  lines  like  those  caused  by  our  atmosphere, 
showing  that  Jupiter  must  have  an  atmosphere  partly,  but 
nd  entirely  like  ours.  Mars  and  Saturn  also  both  showed 
these  atmospheric  lines,  and  so  did  Saturn's  rings,  proving 
that  a  similar  atmosphere  must  spread  over  them  also.  But 
our  moon  gave  none  of  them,  and  this  agrees  with  other 
evidence  in  showing  that  the  moon  has  no  atmosphere. 

They  next  passed  on  to  examine  the  light  of  the  stars, 
and  this  was  by  no  means  an  easy  task,  because  the  stars 
are  so  far  ofif  that  their  light  is  very  faint  and  difficult  to 
catch.  Nevertheless  they  proved  that  round  one  star,  called 
Aldebaran  (No.  5,  Plate  1.),  there  must  be  an  atmosphere 
of  hydrogen,  sodium,  magnesium,  calcium,  iron,  tellurium, 
antimony,  bismuth,  and  mercury,  and  you  will  notice  that 
the  last  four  of  these  are  not  found  in  the  sun.  In  the 
light  of  the  star  Betelgeux  in  the  constellation  Orion,  and 
in  another  star,  called  /3  Pegasi,  no  hydrogen  is  found,  but 
it  is  found  in  all  the  other  stars  that  have  been  examined, 
together  with  many  other  substances.  In  some  of  the  stars 
there  are  besides  lines  which  must  be  produced  by  the 
vapours  of  substances  different  from  any  yet  known  upon 
our  earth. 

"Dr.  Hnggiiis  proves  that  some  Nebulee  are  Gaseoua, 
1864. — And  now  we  come  to  a  very  interesting  experiment. 
You  will  remember  that  astronomers  doubted  Sir  W.  Her- 
Bchel  when  he  suggested  (p.  285}  that  some  of  the  nebula 
are  not  made  of  tiny  .stars,  but  of  gas  which  is  forming  into 
stars.  In  1 864  Dr.  Huggins  began  to  examine  these  nebulas 
with  the  spectroscope,  and  he  found  that  they  did  not  give 
a  Ijand  of  colour  with  dark  lines  upon  it  as  the  stars  do, 
but  a  few  faint  coloured  lines  on  a  dark  ground,  such  as  we 
know  are  produced  by  glowing  gases  and  vapours.  If  you 
^^omparc  the  spectrum  of  sodium  (No.  3),  or  of  hydrogen 
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(No.  4),  with  the  nebula  spectrum  (No.  6),  you  will  see  al 
once  thai  the  nebula  spectrum  is  that  of  a  luminous  gas, 
and  so  the  truth  of  Sir  W,  Herschel's  idea  was  proved,  and 
there  can  be  now  no  doubt  that  the  light  of  some  of  the 
nebulie  comes  from  gaseous  matter ;  chiefly,  so  far  as  wc 
can  team,  of  nitrogen  and  hydrogen. 

Mr.  Alexander  Herschel  examineB  the  Spectruin 
of  Falling  Stars. — 1  have  said  that  it  was  difficult  to  di- 
amine the  spectrum  of  the  stars  and  nebulce,  but  something 
which  to  an  ordinary  observer  seems  still  more  wonderful  has 
been  lately  done.  Mr.  Alexander  Herschel  and  others  ha't 
actually  caught  the  light  oi  falling  stars  in  the  spectroscope, 
and  in  this  way  have  discovered  that  some  of  them  give  a 
continuous  spectrum,  showing  that  they  are  incandescent 
solid  bodies,  while  others  give  a  gas  spectrum,  on  which  are 
the  bright  lines  of  potassium,  sulphur,  and  phosphorus,  and 
sodium. 

Such  wonderful  facts  as  these  about  far-distant  suns  and 
sun-matter,  we  have  leaml,  and  are  still  learning  by  means 
of  spectrum  analysis.  The  whole  study  was  only  begun 
fifty  years  ago,  and  it  is  in  the  works  of  living  men  that 
you  must  look  for  the  details  of  its  history.  But  though 
many  eminent  names  are  connected  with  it,  those  of  Ftaun- 
hofer  and  Kirchhoff  should  always  be  remembered  a; 
chief  founders  of  the  science. 

CkUf  Werki  nniiuJ/tJ.  —  HoKoc'i  'Spectrum  Analysis;'  'Edin- 
burgh Review,'  vol.  civi.  ;  ■  Philmophical  Magazine,'  i860;  Proclur, 
'  The  Sun  ;'  T^ndall's  'Let^turcs  on  Light ;'  'Hutf-houn  with  Modcn 
Scientbtl;'  KirchhoiTs  'Researches  on  the  Solai  Spcctniin,'  1S611 
'  EncyclopEedia.  Britannica,'  art.  'Optics;'  Cuiot's  'Physics;'  Wol- 
luton.  "On  Dispersion'—'  PtiiL  Trans.'  lSo3  ;  Lockyer,  'The  Spec- 
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Eirlj  Theories  about  Heat — Count  Rumfotd's  Eipetiments — Davy's 
Experiments — Mayer — Dr,  Joule  on  Mechanic*!  Equivalent  of  Heal 
— Indestructibility  of  Force,  and  Conservation  of  Energy — Dissipa- 
tion of  Energy. 

Early  Theories  about  HeBt.^From  Light  we  will  now 
pass  on  to  Heat,  and  in  this  chapter  I  hope  ti>  show  you  how 
the  philosophers  of  this  century  have  discovered  what  heal 
is.  The  subject  in  itself  is  so  vast  that  a  mere  sketch  of  all 
the  men  who  have  worked  at  it  and  their  chief  experiments 
would  fill  a  volvime  of  this  size,  and  you  must  clearly  under- 
stand that  we  can  only  select  those  examples  which  will  best 
enable  you  to  comprehend  the  nature  of  heat,  and  how  it 
has  been  determined. 

Have  you  ever  asked  yourself  what  heat  is,  or  why  the 
mercury  in  a  thermometer  rises  when  it  is  put  into  hot 
water?  The  old  philosophers  considered  heat  to  be  a  fluid, 
which  passed  out  of  substances  when  they  were  too  full  of 
it,  and  which,  entering  the  mercury  of  the  thermometer, 
sv,-elled  it  out  and  made  it  rise.  This  was  the  general  idea 
about  heat  up  to  the  end  of  the  eighteenth  century,  although 
Lord  Bacon,  more  than  two  hundred  years  before,  had 
su^csted  that  it  was  not  a  fluid  but  a  movement,  and  the 
philosopher  Locke,  in  the  seventeenth  century,  and  Laplace 
Ife  1780,  gave  the  same  explanation. 
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Stiil  most  scientific  men  looked  upon  heat  as  a  Auid. 
which  they  called  caloric,  until,  In  the  year  1798,  Count 
Rumford  first  showed  by  experiment  that  It  is  probably  a 
kind  of  motion.  In  following  strict  chronological  order,  ihJs 
discovery  ought  to  have  beeri  mentioned  at  the  end  of  the 
eighteenth  century,  but  it  belongs  so  intimalely  10  the 
modern  theory  that  it  comes  more  naturally  in  this  place. 

Count  Bumford  shows  that  Heat  can  be  prodnoed 
byFriotion,  17B8. — Benjamin  Thompson,  afterwards  Count 
Rumford,  was  born  in  America  in  1753.  He  spent  his 
cariy  Ufe  fighting  in  the  English  army  against  the  Americans, 
in  the  War  of  Independence,  and  afterwards  settled  at 
Munich,  and  became  aide-de-camp  to  the  Elector  of  Bavaria. 
In  1 798  he  came  over  to  England,  where  he  was  one  of  the 
founders  of  our  Royal  Institution,  and  finally  he  died  in 
Paris  in  1S44. 

Rumford's  inquiries  into  the  nature  of  heat  began  in 
rather  a  curious  way.  He  was  very  anxious  to  make  the 
poorer  people  in  Bavaria  happier  and  more  prosperous,  and 
to  accomplish  this  he  persuaded  the  Elector  of  Bavaria  in 
1790,  to  forbid  any  one  to  beg  in  the  streets.  Those  who 
could  not  find  work  for  themselves  were  taken  up  and  kept 
in  a  kind  of  workhouse,  where  they  were  given  good  food 
and  clothing,  but  were  forced  to  work  to  pay  for  their  own 
support.  When  this  law  was  first  passed,  there  were  no 
less  than  25°°  beggars  to  be  provided  for,  and  Rumford  was 
obliged  to  calculate  very  closely  how  he  could  find  food  and 
clothing,  heat  and  light,  for  the  least  money.  Accordingly 
he  studied  how  fireplaces  could  best  be  built  to  prevent 
coal  being  wasted,  and  invented  a  lamp  which  gave  a 
brilliant  light,  without  burning  so  much  oil  as  other  lamps 
did.  He  even  went  so  far  as  to  make  a  complete  set  of 
experiments  on  different  clothing  materials,  in  order  to 
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which  kept  in  the  most  heat.  It  was  in  this  way,  and  espe- 
cially in  using  steam  for  wanning  and  cooking,  that  he  first 
began  to  study  the  properties  of  heat,  and  he  became  much 
interested  in  the  different  ways  in  which  it  may  be  produced. 
Il  happened  one  day,  when  he  was  boring  a  cannon  in 
one  of  the  military  workshops  of  Munich,  that  he  noticed 
with  surprise  the  great  heat  produced  by  the  grinding  of  the 
borer  against  the  gun.  You  can  easily  make  a  similar  ex- 
periment by  boring  a  hole  quickly  with  a  gimlet  in  a  piece 
of  hard  wood,  and  on  withdrawing  the  gimlet  you  will  find 
that  it  is  hoi  enough  to  bum  your  hand.  Rumford  examined 
carefully  the  gun  and  the  chips  which  fell  from  it,  and  found 
that  they  were  both  hotter  than  boiling  water. 

This  led  him  to  consider  how  it  could  possibly  happen, 
if  heat  were  a  fiuid,  that  the  mere  rubbing  of  two  metals  to- 
gether should  produce  it ;  and  he  tried  many  experiments  to 
find  out  whether  the  gun,  the  chips,  or  the  borer  had  lost 
anjihing  in  consequence  of  having  given  out  heat.  But  he 
could  not  discover  that  they  were  changed  in  any  way;  and 
moreover,  he  found  that  by  going  on  boring  he  could  make 
them  give  out  heat  as  long  as  he  liked,  whereas  if  he  had 
been  drawing  a  fluid  out  of  the  metals  it  seemed  to  him 
that  it  ought  to  come  to  an  end  sooner  or  later.  Then  he 
considered  whether  the  heat  could  come  out  of  the  air,  and 
to  avoid  this  he  repeated  the  experiment  under  water,  but 
still  the  metals  grew  hot,  and  even  made  the  water  warm,  so 
it  was  clear  they  had  not  drawn  any  heat  from  that  fluid. 

He  now  began  to  suspect  that  Bacon  and  Locke  might 
be  right,  and  that  the  rubbing  together  of  the  two  mctab 
rol^t  set  their  particles  vibrating  in  some  peculiar  way  so  as 
10  cause  what  we  call  heat  If  this  were  so,  then  by  great 
Action  he  ought  to  be  able  to  produce  any  amount  of  heat, 
d  to  prove  this  he  tried  the  following  experiment. 
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He  took  a  large  piece  of  solid  brass  the  shape  of  a  can- 
non, and  partly  scooped  out  at  one  end.  Into  this  he  fitted 
a  blunt  steel  borer,  which  pressed  dowti  upon  the  brass  with 
a  weight  of  ten  thousand  pounds.  Then  he  plunged  the 
whole  into  a  box  holding  about  a  gallon  of  water,  into  which 
he  put  a  thermometer,  and  fastening  two  horses  by  proper 
machinery  to  the  brass  cylinder  he  made  them  turn  it  round 
and  round  thirty-two  times  in  a  minute,  so  that  the  borer 
worked  its  way  vigorously  into  the  brass.  Now  notice  what 
happened  r  When  he  began  the  water  was  at  60°  F.,  but  it 
soon  grew  warm  with  the  heat  caused  by  the  friction  of  the 
borer  against  the  brass.  In  one  hour  it  had  risen  47  degrees 
up  to  107°  Fahr.;  in  two  hours  it  was  at  178°,  and  at  the  end 
of  two  hours  and  a  half  (/  actually  boiled. 

'  It  would  be  difficult,'  writes  Rumford,  '  to  describe  the 
surprise  and  astonishment  of  the  bystanders  on  seeing  so 
large  a  quantity  of  water  heated  and  actually  made  to  boil 
without  any  fire,"  and  he  adds  that  he  himself  was  as  de- 
lighted as  a  child  at  the  success  of  the  experiment ;  and  we 
can  scarcely  wonder,  for  he  had  proved  the  grand  fact  that 
heat  is  not  a  subsfarue  but  a  peculiar  kind  of  motion. 

Rumford  afterwards  calculated  that  the  friction  caused 
by  one  horse  pulling  round  the  cylinder  against  the  borer 
was  sufficient  to  raise  j6  lbs.  of  ice-cold  water  up  to  the 
boiling  point  in  two  hours  and  a  half,  thus  showing  that  the 
heat  obtained  has  a  definite  relation  to  the  energy  expended 
by  the  horse. 

Davy  makes  Two  Fieoea  of  loe  melt  by  Friotioii  in 
a  Vacuum,  1798. — Only  a  few  months  after  Rumford  had 
made  the  discovery  that  heat  can  be  produced  by  friction. 
Sir  Humphry  Davy,  whose  history  as  a  chemist  you  will  read 
in  Chapter  XXXVII,,  proved  the  same  thing  by  a  different 
experiment.     He  took  two  pieces  of  ice,  and  by  rubbing 


them  together  made  them  melt  without  any  warmth  being 
brought  near  them.  In  tliis  case,  as  he  saJdi  no  one  could 
think  that  the  heat  came  out  of  the  ice,  for  ice  holds  less 
heat  than  water ;  and  in  order  to  be  quite  sure  that  it  did 
not  come  out  of  the  air,  he  made  a  second  experiment.  He 
took  a  small  piece  of  ice  and  put  it  in  a  machine  under  an 
air-pump,  by  means  of  which  he  drew  out  all  the  air ;  then 
he  set  his  machine  to  work  so  that  it  rubbed  against  the  ice, 
aod  in  this  way  he  melted  the  whole  lump,  without  any  air 
being  present. 

Heat  a  Vibration. — From  these  experiments  Davy  came 
to  the  conclusion  'that  heat  is  a  peculiar  motion,  probably  a 
vibration  of  the  corpuscles  (that  is  the  little  particles)  of 
bodies,  lending  to  separate  them.'  Thus  for  example,  when 
you  put  a  saucepan  full  of  water  on  the  fire,  the  quivering 
motion  which  is  going  on  in  coals  as  they  bum  passes  into 
the  iron  of  the  saucepan,  and  through  it  to  the  water.  Im- 
mediately all  the  little  panicles  of  which  the  water  is  com- 
posed are  pushed  asunder  as  if  they  were  trying  to  gel  away 
from  each  other ;  but  as  they  are  still  held  together  by  the 
force  of  attraction,  they  vibrate  to  and  fro,  struggling  more 
and  more  to  gel  free,  and  it  is  this  motion  which  causes  in 
us  the  feeling  of  heat  when  we  come  in  contact  with  it. 
Then,  if  a  thermometer  be  placed  in  the  water,  the  vibration 
passes  on  through  the  glass  of  the  tube  into  the  mercury,  and 
the  particles  of  mercury  are  also  set  in  motion,  and  so  the 
mercury  swells  and  rises  in  the  tube. 

The  Cause  of  Latent  Heat  explained. — And  now,  if 
you  will  look  back  for  a  moment  to  Chapter  XXVIII.,  and 
read  again  about  the  '  latent  heat '  which  punzled  Dr.  Black 
so  much,  you  will  see  how  beautifully  it  can  be  explained 
by  this  theory  that  heal  is  a  kind  of  motion.     You   will 

lembcr  that,  however  much  heat  he  put  under  a  piece 
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of  ice  he  found  that  the  temperature  of  the  water  would 
not  increase  above  0°  Cent,  so  long  as  a  morsel  of  i( 
remained  unmelted  ;  and  again,  that  boiling  water  nevi 
grew  hotter  than  100°  Cent.,  while  it  was  being  turned  inio 
steam.  Now  if  we  look  upon  heat  as  a  vibration,  we  cm 
understand  that  the  motion  which  is  sent  into  ice  from  the 
fire  below  will  all  be  employed  in  overcoming  the  force  of 
attraction  and  se])arating  the  particles  of  ice  so  as  to 
the  solid  into  a  fluid,  and  it  will  only  be  when  the  last 
panicles  are  free  that  there  will  be  any  movement  to  spare 
so  as  to  produce  the  quivering  motion  of  heat.  Then  if 
you  go  on  heating  the  water  still  more,  the  struggling  mot« 
inent  will  continue  between  the  force  of  attraction  and  the 
force  of  motion,  and  so  the  water  will  grow  hotter  and  hotter, 
till  at  last  at  100°  Cent  the  force  of  motion  wins  the  battle, 
and  the  little  particles  fly  asunder  and  float  away  as  steam; 
and  from  that  moment  all  the  extra  movement  is  employed 
in  forcing  asunder  particle  from  particle,  till  all  the  1 
has  passed  away  in  vapour. 

It  was  for  this  reason  that  Watt  had  to  use  so  mndi 
more  cold  water  to  cool  down  steam  of  100°  Cent  ihaa 
to  cool  down  water  of  100°  CenL  ;  for  in  cooling  ( 
steam  he  had  not  only  to  get  rid  of  the  quivering  motion 
of  heat,  but  of  all  the  extra  force  which  was  holding  the 
particles  asunder. 

Dr.  Joule's  Experiments  on  the  Meahanioal  Equin* 
lent  of  Heat,  1849 — It  had  now  been  shown  that  energy 
could  be  converted  into  heat.  In  Rumford's  experiment  the 
energy  had  been  deri\'ed  from  the  horse,  and  in  Davy's  case 
from  himself,  as  he  rubbed  the  pieces  of  ice  or  worked  the 
machine.  But  neither  of  these  experiments  measuitd 
accurately  the  amount  of  energy  which  produced  a  given 
quantity  of  heat,      Rumford  had,  indeed,  made  a  rough 
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Calculation ;  but  when  a  horse  walks  round  and  round,  we 
cannot  measure  how  much  strength  he  gives  out,  and  in 
order  to  prove  that  energy  by  itself  can  produce  heat  we 
must  measure  exactly  how  much  work  produces  a  definite 
increase  of  temperature, — say  of  1°  Fahr. — and  then  see  if 
that  amount  of  heat  can  be  turned  back  again  into  work. 
This  was  done  by  Dr.  Joule,  of  Manchester,  a  celebrated 
physicist,  who  is  still  living. 

In  1839  a  Frenchman  named  M.  Seguin,  and  in  1842 
a  German  physician,  Dr.  Mayer,  of  Heilbtonn,  both  sug- 
gested that  by  careful  experiments  it  might  be  found  out  how 
much  work  must  be  done  to  produce  a  certain  increase  of 
lemperalure,  aTid  Dr.  Mayer  made  many  calculations  about  it, 
In  1843,  without  having  heard  of  Dr.  Mayer's  suggestion.  Dr. 
Joule,  who  had  previously  discovered  in  1840  the  law  of 
heat  evolved  by  Voltaic  electricity,  began  those  famous  ex- 
periments which  have  formed  the  foundation  of  the  dynatni- 
ail  theory  of  heat,  or  the  theory  of  heat  produced  by  mechanical 
energy,  and  he  completed  them  in  1849.  A  description  of 
one  of  his  experiments  will  explain  the  results  he  obtained. 
He  took  a  weight,  a.  Fig.  6a,  p.  349,  which  weighed  lib.  and 
fastened  it  by  strings  to  the  roller,//  On  to  the  wheel,  B, 
<3i  this  roller  he  wound  another  string  which  passed  round 
the  roller  r,  and  this  roller  was  attached  to  a  [jaddle  which 
was  shut  into  the  box  of  water,  c  He  next  wound  up  the 
string  on  the  roller  /,  so  as  to  draw  up  the  weight  a,  and 
then  set  it  free.  Immediately  the  force  of  gravity  drew  the 
weight  down  to  the  ground,  and  in  doing  so  pulled  round 
the  wheel  b,  and  consequently  the  roller  which  turned  the 
paddle  in  the  water.  When  the  weight  reached  ihe  ground 
he  took  out  the  little  pin,  p,  which  fastened  the  paddle  to 
the  roller,  so  that  he  could  wind  up  his  apparatus  without 
disturbing  the  water  and  begin  agaia 
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Now  observe  how  this  measured  the  work  done  and  the 
heat  produced.  Every  time  the  weight  fell,  it  turned  the 
paddle,  and  so,  by  agitating  the  water,  added  to  its  heat 
The  scale,  d,  told  him  exactly  how  far  the  weight  fell,  while 
the  thermometer,  /,  in  the  box  told  him  how  much  hotter 
the  water  grew.  At  the  end  of  an  hour,  therefore,  he  had 
only  to  see  how  many  feet  his  pound-weight  had  fallen,  and 
how  many  degrees  of  Fahr.  the  temperature  of  his  water  had 
risen ;  and  after  allowing  for  the  friction  of  his  machinery 
and  for  the  heat  lost  in  the  cooling  of  his  vessel,  both  of 
which  he  ascertained  by  careful  experiments,  he  could  tell 
how  much  energy  had  been  expended  in  producing  the 
rise  of  temperature.  In  this  way  he  found  that  a  weight  ej 
I  lb,  would  have  to  fall  112  fat  in  order  to  raise  the  tem- 
perature of  \  lb,  of  water  by  1^  Fahr. 

He  next  tried  the  same  experiment  with  oil  and  with  mer- 
cury instead  of  water,  and  also  measured  the  heat  produced 
by  rubbing  together  two  plates  of  iron ;  and  in  every  case  he 
found  that  a  certain  amount  of  work  gave  a  certain  amount 
of  heat  and  no  more.  For  example,  if  the  weight  in  Fi^'. 
6  2  fell  double  the  distance,  the  temperature  of  the  water  was 
raised  two  degrees  instead  of  one,  while  if  it  fell  only  half  the 
distance,  or  386  feet,  the  water  was  only  raised  half  a  degree. 

In  this  way  Dr.  Joule  established  what  is  called  the 
mechanical  equivalent  of  heat,  namely  that  the  fall  of  a  pound  ^ 
weight  through  772  feet  sets  free  enough  mechanical  energ}" 
to  raise  the  temperature  of  a  pound  of  water  i®  Fahr.  And 
now  you  must  try  to  form  a  clear  idea  what  this  means. 
Looking  at  the  diagram,  try  to  picture  to  yourself  what 
would  be  taking  place  if  the  weight  were  able  to  fall  the 
whole  772  feet  without  stopping.  First,  a  man  must  wind 
up  the  weight,  and  in  doing  this  he  uses  working  power  or 
energy  to  overcome  the  force  of  gravitation  which  is  pulling 
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'he  weight  down  to  the  earth ;  so  that  the  machine  starts 
•ilhfl  certain  stock  of  energy  stored  up  in  the  weight,  and  its 
I  Wount  is  called  772  foot-pounds  because  it  has  raised  a 
•eight  of  1  lb.  to  a  height  of  772  feet.  This  stock  of 
Working-power  philosophers  call  pofenlial  energy,  or  possible 
energy  which  may  be  called  into  use  at  any  time.  When 
ilic  man  sets  the  weight  free,  it  begins  to  fall,  drawn  down 
liy  the  force  of  gravity,  and  the  stock  of  energy  is  set  free. 
HTiai  becomes  of  it  ?  It  passes  by  the  wheel  b  into  the 
roller  r,  and,  turning  the  paddle  in  the  box,  enters  the  water. 


If  the  water  were  free,  the  motion  would  pass  on  into  the  air 
aod  wc  should  lose  sight  of  it ;  but  the  water  is  shut  in  and 
the  energy  cannot  escape,  so  now  it  employs  itself  in  dashing 
to  and  fro  all  the  little  particles  which  make  up  the  water, 
and    producing   the  effect  we  will  call  heat.      Thus  the 
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mechanical  energy  of  the  weight,  derived  from  the  manvho 
wound  it  up,  is  expended  in  fluid  friction  in  the  boi  and 
thus  converted  into  heat. 

Hirn'8  Experiments  on  Heat  converted  into 
UGohanioal  Energy. — If  you  have  understood  this  e 
planntion,  you  will  have  some  idea  of  the  theory  ihat 
mechanical  energy  may  be  converted  into  heat ; 
complete  the  proof  we  require  not  only  to  turn  work  into 
heat,  but  also  to  turn  heat  into  work.  This  had  already 
been  done  many  years  before  by  a  French  engineer,  M. 
Carnot,  though  be  did  not  understand  its  real  significance, 
but  it  has  now  been  most  beautifully  proved  by  a  long 
series  of  exi>eriments  made  by  M.  Hirn.  of  Coimar,  i 
Alsace.  It  was  already  known  exactly  how  much  heal 
could  be  obtained  from  every  ton  of  coal  consumed.  What 
M.  Hirn  did  was  to  find  out  how  much  of  that  heat  wa 
ted  into  useful  work  in  an  engine.  This  was  by  m 
means  a  simple  task,  for  much  heat  is  lost  in  various  ways 
in  passing  through  the  engine ;  and  even  when  he  thou^t 
he  bad  allowed  for  all  this,  it  was  found  that  some  of  the  steam 
had  turned  back  into  water  on  its  way,  and  thus  used  up 
some  of  the  heat.  At  last,  however,  when  all  was  carefiillj 
measured  and  calculated,  he  found  that  if  it  had  been 
possible  to  turn  all  the  heat  passing  through  the  engine  into 
work,  then  /or  evtry  i"  Fa/ir.  added  lo  tht  tempentture  ef  * 
pound  of  UHtier,  it<m4gh  icork  would  have  been  done  to  raitt  a 
weigkl  of  I  lb.  to  a  hagkl  of  tts  feet. 

Conserration  of  Energy. — And  thus  we  arrive  at  o 
of  the  grandest  discoveries  of  modern  science,  namely,  thai 
the  whole  amount  of  energy,  or  power  of  doing  work,  po> 
sesscd  by  any  set  of  bodies,  remains  unaltered  whatever 
transformations  it  may  undergo.  It  may  exist  in  one  ot 
two  forms — either  as  potential  or  stored-up  energy,  which  is 
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I  "iseen  by  us,  or  as  visible  energy,  when  it  is  actually  per- 

[  forming  work ;  but  while  it  changes  from  one  fomi  to  another 

I  'ts  amount  never  alters.     Thus  in  Joule's  experiment  the 

I  *nergy  stored  up  in  the  i  lb.  weight  which  had  been  pulled 

I  1p  771  feet  was  gradually  transformed,  as  soon  as  the  weight 

s  released,  into  an  amount  of  heat  capable  of  raising  the 

I  temperature   of  a  pound  of  water   1°  Fahr. ;    while   Hirn 

I  showed,  on  the  other  hand,  that  exactly  this  amount  of  heat 

would,  if  it  could  be  turned  back  again  into  energy,  raise  the 

1  lb.  weight  to  the  height  of  772  feet  at  which  it  stood 

before. 

The  potential  enei^,  or  power  of  doing  work,  remained, 
therefore,  enactly  the  same  whether  it  was  stored  up  in  the 
weight  or  in  the  hot  water.  And  even  though  we  know 
that  practically  some  energy  disappears  at  every  part  of  r 
machine  when  it  is  at  work,  yet  this  is  not  lost ;  for  it  tunu 
iitfo  heat,  or  some  other  form  of  energy,  wherever  it  disap- 
pears as  motion.  If  you  grease  the  wheels  of  a  machine, 
you  will  detect  this  heat  beginning  to  do  work  again  by 
turning  the  solid  grease  into  a  liquid. 

By  whatever  means,  therefore,  heat  is  turned  into  work, 
or  work  into  heat,  the  energy  which  causes  them  both 
remains  the  same,  and  this  is  one  out  of  many  proofs  that 
force  cannot  be  destroyed,  but  is  only  lost  in  one  form  to  re- 
appear in  another. 

Although  the  experiments  and  calculations  which  have 
proved  heat  to  be  a  mode  of  motion  are  some  of  the  most 
interesting  which  have  been  made  of  late  years,  yet  they  are 
by  no  means  the  only  ones.  In  1811  Sir  John  Leslie 
canied  on  a  most  interesting  series  of  observations  on  the 
reflcclion  of  heat:  and  the  Italian  physicist  Melloni  has 
tnced  the  whole  passage  of  heat-rays  through  different 
olid  bodies.      All  these  discoveries  are  clearly  and  simply 
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described  in  Professor  Tyndall's  work  on  '  Heat.'  where  you 
may  also  find  the  great  additions  that  he  has  himself  made 
to  the  work  of  these  men. 

We  must  content  ourselves  here  with  remembering  that 
the  physicists  of  the  nineteenth  century  have  shown  that 
heat  is  '  a  mode  of  motion,'  and  have  traced  it  through 
all  its  many  wanderings  both  in  earth,  air,  and  sky.  They 
have  even  followed  it  from  the  sun  down  to  our  earth, 
through  the  plant-world  into  the  beds  of  coal  which  an 
stored  up  in  our  rocks,  and  back  again,  when  this  coat  is 
burnt,  to  the  motion  which  carries  our  steam-engines  and 
steam-ships  across  the  world.  The  great  German  physicist 
Helmboltz,  to  whom  we  owe  the  greatest  modem  essay  on 
the  conservation  of  energ)-,  states  that  '  a  pound  of  the 
purest  coal  gives,  when  burnt,  sufficient  heat  to  raise  the 
temperature  of  8o86  pounds  of  water  i"  Cent. ; '  and  from 
this  he  calculates  '  that  the  chemical  force  of  attraction 
between  the  particles  of  coal  and  the  quantity  of  oxygen  that 
corresponds  to  it  is  capable  of  lifting  a  weight  of  i  oo  poundi 
to  the  height  of  twenty  miles.'  This  chemical  force  was  stored 
up  in  the  vegetables  of  the  coal  when  they  obtained  it  ftoin 
the  sun's  heat  ages  and  ages  ago,  and  now  man  sets  it  free 
to  perform  the  work.  '  We  cannot  create  mechanical  forte, 
writes  Helmholtz,  '  but  we  may  help  ourselves  from  the 
storehouse  of  nature.  The  brook,  the  wind,  which  dnrt 
our  mills,  the  forest,  the  coal-bed,  which  supply  our  steam- 
engines  and  warm  our  rooms,  are  the  bearers  to  us  of  the 
small  portion  of  the  great  natural  supply  which  we  dn*. 
upon  for  our  purposes.' 

Disaipation  of  Energy— Sir  William  Thomson. — But 
the  question  still  remains  whether  this  natural  supply  will 
always  be  in  such  a  condition  as  to  perform  actual  work; 
and  upon  this  point  our  great  mathematician,  Sir  William 
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Thomson,  has  come  to  a  conclusion  which  we  must  try  to 
understand,  however  imperfectly. 

Wo  have  already  seen  vihin  speaking  of  Him's  engine 
that  it  is  impossible  to  convert  all  the  heat  passing  through 
the  engine  into  work.  Now,  that  portion  which  escapes  in 
the  form  of  heat,  although  it  represents  quite  as  much 
mechanical  energy  as  it  did  before,  is  no  longer  useful  in  the 
same  way,  because  it  has  become  spread  out  or  diffused  ;  and 
this  happens  whenever  energy  changes  its  form,  whether 
from  mechanical  energy  into  electrical  energy,  from  heat 
into  work,  from  work  into  heat,  or  in  any  other  way.  In- 
variably a  certain  amount  of  energy  is  dissipated,  or  spread 
out  in  the  form  of  diffused  heat. 

The  same  amount  of  energy  remains,  it  is  true,  but  it  is 
so  uniformly  distributed  as  to  be  no  longer  available  for 
work ;  for  heat  can  only  be  turned  into  work  when  it  passes 
from  a  hotter  to  a  colder  body  ;  therefore  heat  spread  equally 
over  all  bodies  in  nature  is  lost  as  a  working  power,  even 
though  it  represents  the  same  amount  of  energy,  which  could 
be  tnade  to  do  work  if  it  could  be  collected  again  into  a 
condensed  form. 

This  fact  of  the  dissipation  of  energy  was  first  announced 
by  Sir  William  lliomson  in  1852,  and  he  pointed  out  that 
it  tends  to  let  down,  as  it  were,  ihe  working  power  of  nature. 
We  keep  up  our  store  by  deriving  fresh  heat  from  the  sun, 
and  storing  it  up  in  the  vegetable  work!,  in  wood,  and  coal, 
and  also  in  the  falling  power  of  water  which  has  been  drawn 
up  to  the  clouds  by  the  sun's  heat.  But  the  sun's  heat  itself, 
and  every  o[>eration  going  on  in  the  universe,  is  caused  by  the 
iransfoniiation  of  energy,  therefore  dissipation  must  also  go  on 
with  it ;  and,  unless  there  is  some  compensating  power,  the 
liiole  universe  must  be  drifting  very  slowly  into  a  state  of 


But  here  we   must   remember  that  we  are  IraTelUt^ 
beyond  our  knowledge.     In  spite  of  ihe  great  discoveiies 

made  in  this  century  as  to  the  nature  of  the  sun,  wc  are  still 
in  doubt  as  to  the  source  from  which  this  heat  h  derived ; 
still  less  have  we  any  idea  what  arc  the  forces  by  which  the 
heavenly  bodies  were  set  in  motion.  We  speak  glibly  of  the 
universe,  but  our  most  powerful  instruments,  by  revealing  at 
everj-  step  in  advance  that  more  remains  beyond,  only  open 
before  us  an  ever-widening  prospect,  to  which  we  canncn 
even  conceive  a  limit. 


Cii^  tyerkt  fontulltd, — Rumford's  'Essays,'  vol  ii. — ' Friction » 
Source  of  Heat,'  1798;  Davy's  'Works,'  voL  a. — '  Essay  on  H«»l 
and  Light ; '  Joule's  '  MecLanical  Equivaleni  of  Heat '— '  Phil.  TtMI..' 
1850;  Mayer's  'Forces  of  Inotganic  Nature' — '  Phil,  Mag.,'  1843! 
Tyndall's  '  Heat  a  Mode  of  Motion  ;'  Watts's  '  Diet,  of  C 
art.  'Heat;'  Clerk- Maxwell's  'Theoiy  of  Heat.' 


CHAPTER    XXXVI. 

SCIENCE  OF  THE  NINETEENTH  CENTURY  (CONTINUED), 

Electro-mAgnetism — Oersled — Ampere — Arago  — -  Faraday  — Thenno- 
elcclnciiy — Scebcck  —  Schwabe— Spots  on  the  Sun  — Sabine — 
Sun-spoti  and  Mimetic  Currenis — Electric  Telegraph  —  Wheiil- 
ilonc — Cooke — ^Steinheil — Morse —  Bain. 

Oersted  discovera  the  Effect  of  Elaotricity  upon  a 
Magnet,  1829.— We  left  the  history  of  electricity  at  p. 
a6i,  at  the  point  where  Volta  had  shown  in  1800  that  two 
different  metals  joined  by  a  wire  and  placed  in  add  and 
water  will  set  up  two  currents  0/  electricity  flowing  in  oppo- 
site directions  from  one  metal  to  the  other  along  the  wire, 
and  back  through  the  water.  Every  galvanic  battery,  that 
is,  an  apparatus  for  producing  electricity  by  chemical  action, 
I  -  made  on  this  principle.  You  will  hear  of  Grove's  battery, 
l^irnscn's  battery,  Daniell'a  battery,  and  many  others,  all  of 
■.  hich  have  been  invented  in  the  present  century;  but  all 

■  i  lese  are  only  diflferent  and  more  perfect  methods  of  carry- 
Miy  out  Volia's  discovery.     The  next  great  step  in  the  study 

■('  electricity  was  made  by  Oersted,  Professor  of  Physics  at 
'    iljenhagen,  in   1820,  twenty  years  after  the  invention  of 

■  ic  voltaic  pile. 

Hans  Christian  Oersted  was  bom  in  1777,  and  died  in 
151;  he  was  a  ver^-  eminent  man,  and  wrote  many  works 
I  l^tin  upon  chemistry  and  magnetism,  but  the  one  dis- 
i\<xj  which  has  made  him  famous  was  that  of  tkclrv- 
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magnetism.  We  'have  seen  (p.  53)  that  the  invention  erf 
the  mariner's  compass  in  the  fifteenth  century  arose  torn 
Flavio  Gioja  noting  that  a  needle  which  has  been  nibbed 
along  a  piece  of  loadstone  always  points  north  and  souih. 
But  why  should  the  needle  lie  in  this  direction?  lATul 
force  makes  it  turn  round  when  you  leave  it  free  after 
placing  it  another  way?  Ever  since  the  fifteenth  centutj 
people  had  asked  this  question,  and  when  Volta  and 
Franklin  showed  that  electrical  currents  are  constantly 
passing  to  and  fro  in  our  atmosphere,  scientific  men  began 
to  consider  whether  it  might  not  be  some  force  like  elec- 
tricity which  acted  upon  the  magnet ;  especially  as  it  had 
been  observed  that  when  a  ship  was  struck  by  lightning, 
the  needle  of  the  mariner's  compass  was  sometimes  throvn 
quite  out  of  its  right  positioa 

Still  nothing  was  really  known  until  the  year  1819. 
that  year,  when  Professor  Oersted  was  one  day  making  s( 
galvanic  experiments  at  a  lecture,  it  happened  that  a  magnetic 
needle  poised  upon  a  point  (as  in  Fig.  63)  was  standing 
near  the  wire  along  which  an  electric  current  was  passing 
All  at  once,  when  the  current  was  very  strong,  the  needle 
became  excited  and  began  to  turn  round  upon  the  pomt 
Oersted  and  his  assistants  were  much  surprised  at  this,  and 
the  consequence  was  that  during  several  months  Oersted 
made  a  series  of  experiments  by  which  he  proved  that  a 
electric  current  passing  near  a  magnetic  needle  will  alwajt 
make  it  turn  round  so  as  to  lie  across  the  path  of  Itit 
eurrent. 

For  example,  if  the  bar  of  copper  wire  a  b,  supported  on , 
the  glass  rods  c,  e,  be  so  placed  that  the  end  b  points  to  the 
north  and  a  to  the  south,  then  the  magnetic  needle  i  will  lie 
exactly  in  a  Une  with  the  bar,  because  a  magnet  alwayt 
points  north  and  south.     But  if  the  two  ends  of  the  copper 


CH.  xxxvi.  ELECTRO- MAGNETISM.  357 

rod  «,  b,  are  fixed  to  the  wires  of  a  voltaic  battery  rf,  Fig,  63, 
SO  that  an  electric  current  runs  along  the  rod  from  a  to  /', 
then  the  north  end  of  the  needle  will  begin  to  move  away 
from  the  north  towards  the  west,  that  is  towards  the  left  side 
of  the  ciurent ;  and  it  will  turn  more  and  more  as  the  cur- 
rent grows  stronger,  till  it  lies  right  across  it,  pointing  direct 
east  and  west 

This  was  a  very  grand  fact,  and  it  has  become  the  begin- 
aiRg  of  a  new  science  called  ekdro-magnethm,  for  tt  shows 
that   electricity    and    magnetism    are    connected    in    some 
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peculiar  way.  Oersted  did  not  publish  an  account  of  his 
experiments  until  j8ao,  and  then  the  whole  of  Europe  rang 
with  the  news  of  the  discovery. 

Ampere,  1776-1864. — One  of  the  first  men  who  heard 
of  it  was  Amptre,  one  of  the  professors  at  the  Ecole  Polytech- 
nique  in  Paris.  We  must  ijause  a  moment  to  learn  something 
of  the  early  history  of  this  man,  for  it  is  very  interesting. 
Andre  Ampfcre  was  bom  at  Lyons  in  1775-  When  he  was 
quite  a  little  boy  he  delighted  in  arithmetic,  and  used  to  do 
long  sums  for  his  amusement  by  means  of  little  pebbles 
which  he  arranged  in  groups.  Once  when  he  had  a  severe 
illness  his  mother  took  the  stones  away,  but,  having  left  him 
^ne  one  day  for  a  little  time,  she  found  on  her  return  that 
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he  had  broken  his  biscuit  into  little  bits  and  was  using  them 
to  work  with  instead  of  his  lost  pebbles.  As  he  grew  older 
his  father  began  to  teach  him  Latin,  but  the  boy  disliked  it 
so  much  that  it  was  given  up,  and  he  devoted  all  his  lime 
to  Algebra  and  Euclid. 

One  day  he  persuaded  his  father  to  take  him  to  his  friend, 
tlie  Abbe  Daburon,  to  borrow  the  ivritings  of  Euler  and 
Bemouilli,  two  great  matiiematicians.  The  Abb^  stared 
at  this  little  boy,  only  tweh'e  yeais  old,  asking  for  books 
which  very  few  men  could  understand.  '  Do  you  know,  my 
little  fellow,'  said  he,  '  that  these  works  are  written  in  Latin, 
and  that  tlie  differential  calculus  is  used  in  thern  ?'  Andre's 
countenance  fell  for  a  moment,  for  he  knew  neither  of  these 
things.  But  he  soon  brightened  up  again.  '  Never  mind,' 
he  replied,  '  I  can  learn  ihcm,'  and  he  set  to  work  that  veij 
day  to  learn  Latin  with  his  father,  and  the  differential  calcului 
with  the  Abbe,  and  in  a  few  months  was  able  to  come  back 
for  the  books  he  coveted. 

Before  he  was  eighteen  he  had  not  only  read  the  whole 
of  Laplace's  '  Mi^canique  CtSleste,"  but  had  even  worked  out 
all  the  complicated  problems  in  it.  He  had,  however,  i 
taxed  his  brain,  and  when  his  father  was  killed  in  the  terrible 
French  Revolution  of  1 7  93,  the  grief  broke  down  his  iniellecL 
For  a  whole  year  he  was  almost  an  idiot,  and  it  was  a  long 
time  before  he  could  take  up  his  mathematical  studies  a, 
When  he  did,  it  was  with  his  old  love  of  work,  and  he  be- 
came a  teacher  first  at  Lyons,  and  nflenvards  in  Paris. 

Ampere's  Experiments  apon  Hagnetio  kqiI  Eleo- 
trio  Correiits,  1820. — This  was  the  man  who  heard  of 
Oersted's  discovery  in  1820.  You  can  imagine  the  delight 
with  which  he  seized  upon  the  new  idea.  He  worked  at 
it  incessantly,  as  he  had  done  with  his  pebbles  when  a  boy, 
and  before  a  week  was  over  he  had  proved  several  new 
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facts  about  electro-magnetism.  He  found  that  it  was  quite 
true,  as  Oersted  had  said,  that  the  magnet  always  lies  across 
the  electric  current ;  but  he  showed  that  the  north  pole  of 
the  magnet  turns  different  ways,  according  to  the  direction 
in  which  the  current  flows.  Thus,  if  the  current*  flows 
from  Simt/i  to  north  above  the  magnet,  in  the  direction  a  by 
Fig.  64,  then  the  north  pole  of  the  magnet  turns  towards 
the  west;  but  if  it  runs  from  north  to  south  above  the 
magnet,  in  the  direction  a  b,  Fig.  65,  then  the  north  pole 
turns  towards  the  east  Again,  if  it  runs  from  north  to  south 
beUnv  the  magnet,  in  the  direction  c  d^  Fig.  64,  the  magnet 


Fig.  64.  Fig.  65. 

Diagrams  showing  the  direction  of  a  Magnet  acted  upon  by  Electric  Currents. 

ab  c  d^  Direction  of  currenL 

will  again  turn  to  the  west ;  while  lastly,  if  it  runs  from 
south  to  north  below  the  magnet,  c  </,  Fig.  65,  the  north  pole 
turns  again  to  the  east  In  order  to  remember  these  differ- 
ent directions  easily,  Ampfere  gave  something  like  the  follow- 
ing rule.  If  a  man  will  imagine  himself  to  be  standing  so 
that  the  positive  current  would  come  out  of  his  mouth  and 
return  by  his  feet ^  the  north  pole  of  the  magnet  will  always 
be  on  his  left-hand  side. 

^  To  avoid  confusion,   the  current  from  the  positive  pole  of  the 
bttteiy  is  always  spoken  of  as  the  current. 


Hagnetic  CurrentB  set  op  between  two  Meotric 
Wires. — The  next  discovery  which  Ampere  made  was  a 
very  important  one.  It  was  already  well  known  that  two 
magnetic  needles  will  either  .ittract  or  repel  each  other 
according  to  the  position  of  their  poies.  Thus,  if  the  north 
pole  of  one  needle  is  held  towards  the  south  pole  of  another, 
they  are  attracted  strongly  together,  but  if  the  two  north 
poles  are  brought  near  together,  the  movable  needle  is  re- 
pelled. Now  Amp&re  argued  that  if  an  electric  current 
always  causes  a  magnetic  current  across  itself,  then  two 
electric  wires  side  by  side  will  have  magnetic  currents  run- 
ning across  them,  and  they  ought  to  attract  or  repel  each 
other  as  if  real  magnets  were  lying  between  them.  And 
this  he  proved  to  he  true.  He  put  two  wires  side  by  side 
in  such  a  position  that  they  could  move  freely,  and  when 
he  sent  an  electric  current  in  the  same  direction  through 
each  of  them  they  moved  towards  each  other ;  while,  if  he 
sent  the  currents  one  way  through  one  wire  and  the  other 
way  through  the  other,  they  drew  apart;  exactly  in  the 
same  way  as  magnets  attract  or  repel  each  other,  according 
to  the  direction  in  which  they  lie. 

This  may  be  difficult  to  understand  without  more  expla- 
nation, but  you  can  remember  that  Ampfere  proved  that 
dedric  currents  produce  magnetic  currents  at  right  angles  t> 
themselves  in  the  air  without  needing  any  bar  of  steel  le  hdp 
them. 

Sleotro  -  magnets  made  by  means  of  an  Gleotrio 
Current. — It  now  occurred  to  Amp&re  that  if  electric  cur- 
rents give  rise  to  magnetic  currents  he  ought  to  be  able  lo 
magnetise  a  stei;l  bar  by  passing  an  electric  current  round  it. 
So  he  wound  a  copper  wire  (covered  with  silk  to  prevent  the 
electricity  running  into  the  steel)  round  a  steel  bar,  and, 
fastening  the  two  ends  of  wire  to  a  voltaic  battery,  he  passed 


a  current  through  it  (see  Fig.  66).  After  a  short  time  lie 
took  the  bar  out  and  found  it  was  a.  perfect  bar  magnet, 
which  would  attract  iron.  The  current  of  electricity,  in 
circulating  round  the  steel,  had  magnetised  the  steel  just  as 
if  it  had  been  rubbed  on  a  loadstone. 

With  steel  the  magnetism  remained  after  it  was  taken  out 
of  the  electric  coil,  but  if  he  used  a  piece  of  ordinary  soft 
iron  the  magnetism  passed  away  when  the  current  ceased. 
He  calk-d  these  magnetised  bars  tUdro-magnels,  because 
they  are  made  by  electricity.  You  can  easily  make  them 
for  yourself  if  you  have  a  small  electric  battery,  and  you 
will  find  that  an  iron  rod  will  hold  up  needles,  nails,  or  even 
keys  as  long  as  the  current  is  [lassing,  but  they  will  all  fall 
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off  soon  after  it  stops,  showing  that  it  is  the  electric  current 
which  causes  the  iron  to  act  as  a  magnet. 

Professor  Arago,  whom  we  mentioned  before  (p,  320)  as 
nuking  exiwrimenis  on  light,  succeeded  in  magnetising  a 
steel  bar  with  currents  from  an  ordinary  electrical  machine, 
that  is,  a  glass  cylinder  rubbed  against  silk,  instead  of  using 

Michael  Faraday,  1781-1887, — We  must  now  travel 
back  lo  England,  where  one  of  out  greatest  philosophers  was 
watching  these  new  discoveries  with  intense  interest.  Michael 
Faraday,  the  son  of  a  poor  journeyman  blacksmith,  was  bom 
at  Newington  Butts  in  1791.  When  he  was  thirteen  years 
old  he  went  as  errand  boy  to  a  bookseller  named  Riebau 
in  Bland/ord  Street,  Manchester  Square,  and  it  was  there  that 
the  books  fell  into  his  hands  which  first  awoke  his  love 
of  science.      Mrs,  Marcet's  '  Conversations  on  Chemistry,' 


Lyons's  '  Experiments  on  Electricity,"  and  other  books  of  a 
like  kind  made  the  la.d  long  for  more  knowledge  about  these 
wonderful  sciences.  He  constructed  an  electrical  machine, 
and  spent  his  evenings  in  making  experiments,  and  he  per- 
suaded his  brother  Robert  to  pay  a  few  shillings  for  him  to 
attend  some  lectures  given  by  a  Mr.  Tatura  on  Natural 
Philosophy. 

But  one  of  the  first  great  pleasures  of  his  life  was  when 
a  customer  at  the  bookshop,  a  Mr.  Dance,  took  him  to  four 
lectures  at  the  Royal  Institution,  given  by  Sir  Humphry 
Davy.  These  lectures  filled  him  with  an  intense  longing  to 
learn  more,  and  he  took  the  bold  step  of  writing  a  letter  to 
Davy,  enclosing  the  notes  which  he  had  made  of  the  lectures, 
and  asking  for  some  employment  connected  with  science. 
will  always  be  remembered  to  Davy's  honour  that  he  did 
throw  this  letter  aside,  but  wTote  a  kind  reply,  telling  the 
young  man  to  come  and  see  him,  and  in  the  end  made  hiffl 
his  assistant  at  the  Royal  Institution  in  .Albemarle  Street, 
where  Faraday  afterwards  became  Professor  of  Chemistry-. 

It  is  impossible  in  a  short  sketch  to  give  you  any  idea  of 
the  simple  and  noble  nature  of  the  man  who  from  that  lime 
for  more  than  fifty  years  laboured  at  science  in  the  Royal 
Institution,  It  is  not  yet  many  years  since  he  died,  and  you 
may  talk  with  those  who  have  known  and  loved  hii 
read  the  story  of  his  life  in  a  little  book  called  '  Michael 
Faraday,'  written  by  Dr.  Gladstone.  Even  of  his  experi- 
ments we  can  only  mention  a  few,  for  ihese  subjects  are 
becoming  almost  too  deep  for  us ;  but  those  which  we 
now  consider  were  some  which  have  helped  to  make  hii 
name  famous. 

Farada;  discovers  the  Mutual  Rotation  of 
and  Electrified  Wires,  1821, — It  was  in  1821  that  Fara- 
day began  to  repeat  for  himself  AmpE:re's  experimenls 


electricity  and  magnetism,  and  he  soon  saw  that  if  an  electric 
current  going  round  a  wire  gave  rise  to  magnetic  currents  at 
fight  angles  to  it,  he  ought  lo  be  able  to  make  an  electric 
wire  revolve  round  a  magnet,  and  a  magnet  round  an  elec- 
tric wire.  Accordingly,  he  took  two  cups  of  mercury,  a  B, 
Fig,  67,  and  drilling  a  hole  in  the  bottom  of  each,  he 
jjossed  the  wires  e,  e\  of  a  battery  up  into  them  ;  then  he 
took  two  magnets  d,  (f ;  d  he  fastened  by  a  thin  thread  to 
ihtf  battery  wire  in  the  cup  a,  so  that  it  floated  upright  in 
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iDcniury,  and  the  top  of  it  could  move  round  easily ;  the 
icr  magnet,  if  ^  he  fixed  firmly  upright  in  the  cup  b.  He 
hung  the  topper  rod  c  above  the  cups,  so  that  the  end 
rhich  was  fixed,  dip])ed  into  the  cup  a,  and  the  other 
j,  which  was  made  of  a  loose  movable  wire,  f,  dipped 
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and  the  wire  was  fixed,  while  in  b  the  wire  was  free  to  move 
and  the  magnet  was  fixed.  He  now  sent  a  current  Utmugtl 
the  wires,  e,  e,  and  immediately  in  the  cup  a  tfie  magnet  i 
began  to  move  round  the  fixed  wire/,  while  in  8  the  *ire/ 
moved  round  the  fixed  magnet,  d".  Thus  Faraday  gaw 
fresh  experimental. pniof  of  the  close  connection  betwcd 
electric  and  magnetic  currents.  He  made  the  magnet  £ 
a  great  way  round  the  circle,  but  not  spin  quite  round  ■ 
the  wire  had  done.  Am|)L-re,  however,  who  repeated  t 
experiment,  succeeded  in  making  the  magnet  spin  foui 
and  round  like  the  hands  of  a  clock. 

Elgotric  Current  produced  by  Means  of  a  Uagnoti 
Faraday's  mind  was  now  full  of  the  wonderful  effect  * 
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^H  electricity  and  magnetism  produce  on  each  other,  nnd  )u 
^H  began  to  consider  whether  it  might  not  be  possible  to  revoR 
^H        Ampfere's  second  experinient  (v-  361),  and  instead  of  tnakinj 
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k  magnet  by  means  of  an  electric  current,  whether  he  might 
>t  set  up  an  electric  current  by  means  of  a  magnet. 
To  try  this  he  wound  from  zoo  to  300  yards  of  wire 
IsDund  a  hollow  cylinder  a.  Fig.   68,  and  carried  the  two 
"  ends  of  the  wire  to  a  little  instrument  b,  called  a  galvano- 
meter, which  was  invented  by  Amjjfere,  and  the  needle  of 
which  moves  directly  the  slighest  current  passes  through  it. 
I  Jie  then  look  a  jiowerful  bar  magnet,  c,  and  held  it  within  the 
igrlinder.    The  moment  he  put  it  in,  the  needle  of  the  galvano- 
leter  showed  that  an  electric  current  had  passed  through 
e  wire  in  one  direction,  and  the  moment  he  drew  it  out 
lother  rush  of  electricity  occurred  in  the  other  direction, 
Ibowing  that  the  magnet  had  set  up  an  electric  current  in  a 
Looil  of  wire.     While  the  magnet  remained  in  the  cylinder 
there  was  no  current ;  it  was  only  at  the  moment  of  going 
in  and  coming  out  that  it  produced  the  effect.      By  another 
{uece  of  apparatus   Faraday  succeeded    in    making    these 
durents  strong  enough  to  produce  electric  sparks ;  and  it  is 
on  this  principle  that  the  induction-coil  is  made  which  is  now 
used  to  produce  very  powerful  electrical  effects. 
K       Frofeaser    Seebeck  discovers   Thermo-electricity, 
■  or  the  Production  of  Uleotrioity  by  Heat. — The    fact 
B  ifas  now  clearly  established  that  electric  and  magnetic  cur- 
^  xents  move  at  right  angles  to  each  other,  and  this  gives  to  a 
K  certain   extent  the    answer  to  our    (juestion,  Why  does  a 
B   magnet  turn  10  the  north?     Amp&re  suggested  quite  early 
in  the  discussion,  that  if  an  electric  current  will  turn  metals 
into  magnets,  the  electric  currents  which  we  know  are  flow- 
ing from  east  to  west  round  our  globe  may  turn  the  earth 
(which  is  full  of  metals)  into  a  great  magnet.      But  it  is  also 
true  that  exactly  the  opposite  effect  is  possible,  and  that  the 
letic  currents  may  be  started  by  some  other  cause  and 
set  up  the  electric  currents,  so  that  we  do  not  really 
1  which  gives  rise  to  the  other. 
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An  interesting  discovery  was,  however,  made  in  1821  by 
Professor  Seebeck,  showing  a  possible  cause  of  the  electric 
currents  flowing  from  east  to  west.  He  wished  to  try  whelhet 
he  could  not  give  rise  to  a  current  of  electricity  in  two  meUls 
by  merely  using  heat  instead  of  acid  and  water.  For  this 
purpose  he  took  a  half  ring  of  copjier  and  fastened  I 
bar  of  a  metal  called  antimony,  so  that  the  two  metals  had 
the  form  of  a  stirrup,  and  inside  this  stirrup  he  hung  a 
netic  needle,  which  would  show  if  any  current  passed  aloi^ 
the  metals.  Then  he  heated  one  of  the  comers  where  tht 
metals  joined,  and  immediately  the  magnet  began  to  tun, 
showing  that  an  electric  current  was  passing  through  the 
copper,  and  back  through  the  antimony.  He  tried  this  with 
many  other  metals,  and  in  every  case  when  one  of  the  patO 
where  they  joined  was  made  hotter  than  the  rest,  a  current 
of  electricity  was  caused.  This  he  called  Thermo-elfdria^ 
or  electricity  caused  by  heat,  and  this  subject  has  now  beai 
much  more  fully  worked  out  by  Nobili  and  Melloni  c 
Continent,  and  Sir  W.  Thomson,  Professor  Tait  and  Clerk- 
Maxwell  in  England.  Thermo-electricity  gives  us  anothcf ; 
beautiful  instance  of  the  transfonnation  of  energy.  We  sa» 
in  Chapter  XXXV.  that  heat,  when  it  disap|)ears,  produce) 
a  certain  definite  amount  of  energy,  which  again,  in  its  tuin, 
can  appear  in  the  form  of  heat ;  since  then  we  have  learnt 
that  electricity  produces  magnetism  and  magnetism  electricity, 
and  now  we  have  heal  in  its  turn  causing  electricity,  ' 
we  know  from  the  electric  spark  that  electricity  produce^ 
both  light  and  heat.  In  all  these  changes  we  see  additiouil 
proof  that  energy  cannot  be  destroyed,  but  only  1 
itself  in  different  ways. 

But  to  return  to  the  magnet     Seebeck's  experiment  si 
gests  a  possible  answer  to  the  direction  of  the  1 
needle  to  the  north.      Our  globe  is  com|X)sed  of  diffcKilt 
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metals  and  earths,  and  is  always  turning  round  from  west  to 
east,  so  that  one  part  after  another  comes  under  the  heat  of 
the  sun,  and  is  made  hotter  tlian  the  rest  Therefore,  since 
heat  produces  electricity,  it  has  been  suggested  that  this 
may  cause  the  electric  currents  to  flow  round  from  east  to 
west,  as  they  did  through  the  metals  in  Seebeck's  stirrup, 
thus  inducing  magnetic  currents  to  flow  round  from  north 
to  south.  Our  knowledge  on  this  subject  is,  however,  very 
im[tetfect,  and  the  observations  of  which  we  shall  next  speak 
seem  to  point  to  some  closer  connection  between  the  sun 
itself  and  magnetic  currents. 

Periodicity  of  ths  Spots  on  the  Sun,  ojid  their 
Effect  on  the  Earth's  Magnetism,  discovered  by 
Sohwabe  and  Sabine,  1826-1859. — It  was  mentioned 
at  p.  90  that  Galileo  and  other  astronomers  of  the  seven- 
teenth century  first  obsened  thai  from  time  to  time  dark 
spots  appear  on  the  face  of  the  sun.  These  spots  were 
much  studied  by  the  astronomers  who  came  after  Galileo  ; 
but  Sir  William  Herschel  was  the  first  to  suggest,  in  1793, 
that  they  are  caused  by  the  opening  of  bright  luminous 
clouds  which  float  round  the  sun,  and  break  away  some- 
times in  one  place  and  sometimes  in  another,  allowing  us  10 
sec  down  through  the  gap  into  the  body  of  the  sun  itself, 
which  thus  has  the  appearance  of  a  dark  spot.  This  is  the 
explanation  now  received  by  astronomers  as  most  probable, 
and  it  accounts  for  the  constant  appearance  and  disappear- 

e  of  the  spots, 
\  In  the  year  i8i6,  a  well-known  German  astronomer, 

T  Schwabe,  of  Dessau  (who  died  in  1S74),  determined 
Q  take  regular  notes  of  the  periods  when  there  were  most 
spots  to  be  seen  on  the  face  of  the  sun.  Every  day  during 
twelve  years,  when  the  sky  was  clear  enough  for  him  to 

Ee  the  sun,  he  examined  it  through  his  telescojie,  and 
how  many  spots  he  could  sec. 
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In  this  way  he  discovered  that  there  was  a  regular  de- 
crease in  the  number  of  spots  for  about  five  years  and  a 
half,  and  then  during  the  next  five  and  a  half  years  a  gradual 
increase,  till  they  were  very  numerous  indeed.  This  led  hi 
to  think  that  the  spots  went  through  a  complete  round  or 
cycle  of  changes  in  about  eleven  years ;  but  as  he  found  it 
difficult  to  i)ersuade  other  astronomers  of  the  fact,  he 
actually  carried  on  his  daily  observations  for  twenty  years 
longer,  and  then,  at  the  end  of  thirty-four  years  of  daily 
observation,  he  was  able  to  assert  boldly  that  he  had  estab- 
lished the  truth  of  his  theory. 

He  had  now  kept  an  account  of  three  jieriods  of  eleven 
years.  At  the  beginning  of  each  of  these  periods  the  sun 
was  for  some  time  smooth  and  almost  free  from  sfxits  :  then 
from  year  to  year  they  increased,  tilt,  at  the  end  of  five  a 
a  half  years,  as  many  as  fifty  or  sixty  could  be  seen  at  ona 
time  Then  they  decreased  again  till,  at  the  end  of  anotha 
five  and  a  half  years,  the  sun's  face  was  comparatively  smooth 
and  spotless.  During  the  time  that  Schwabe  was  studying 
these  changes,  other  men  in  the  different  observatories  of 
Europe  had  noticed  some  remarkable  peculiarities  about  tl 
magnetic  needle.  As  long  ago  as  1712,3  famous  astronomer 
named  Graham  pointed  out  that  the  magnetic  needle  shiftri 
from  side  to  side  a  little  every  day  as  the  sun  passes  from 
one  side  to  the  other  of  the  globe.  The  movement  is  so 
small  that  It  cannot  be  seen  without  very  accurate  inslnH 
ments,  but  it  shows  that  the  sun's  course  does  affect  thfr^ 
magnet ;  and  when  very  careful  notes  began  to  be  made  il 
different  observatories,  it  was  noticed  that  this  daily  shiftiil| 
wa.s  greater  some  years  than  others.  In  1850  an  astronomer 
named  Lamont,  of  Munich,  pointed  out  that  the  movement 
became  greater  each  year  for  about  five  and  a  half  year% 
and  then  grew  less  during  the  same  period ;  this  led  J 
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Edward  Sabine  to  suggest  that  perhaps  the  spots  on  the 
Sim  bad  something  to  do  with  the  magnetic  currents,  since 
tiiey  both  went  through  a  regular  cycle  of  changes  in  about 
eleven  years. 

And  now  comes  a  curious  proof  of  the  troth  of  this 
theory.  In  September  1859,  when  a  famous  sun-gazer, 
Mr.  Carrington,  was  observing  and  measuring  the  spots  on 
Ihe  sun,  he  suddenly  noticed  a  bright  spot  break  out  on  tlie 
sun's  face ;  and  fortunately  another  observer,  Mr.  Hodgson, 
who  was  in  another  part  of  England,  saw  this  same  spot  at 
the  same  moment.  The  whole  time  from  the  appearance 
till  the  disappearance  did  not  exceed  five  minutes,  but  when 
inquiiy  was  made,  it  was  found  that  the  three  magnetic 
needles  at  Kew,  which  keep  a  register  of  their  own  move- 
nents,  had  all  been  jerked  strongly  exactly  at  this  time. 
.  Not  was  this  all :  the  magnetic  currents  passing  through  our 
,  (Omosphere  at  that  moment  set  up  such  strong  electric  cur- 
'lents  in  the  wires  of  the  telegraphs  all  over  the  world,  that 
Hhe  signalmen  at  Washington  and  Philadelphia  received 
jevere  electric  shocks ;  a  telegraphic  apparatus  in  Norway 
was  set  on  fire,  and  a  stream  of  electric  light  followed  the 
pen  of  Bain's  electric  telegraph,  which  ivrites  down  the 
'message  on  chemically  prepared  paper.  Moreover,  beautiful 
Wtroras  were  seen  in  both  hemispheres,  and  these  brilliant 
li^ts  are  believed  to  be  caused  by  magnetic  currents.  The 
.nutgnetic  storms  on  this  occasion  lasted  for  several  days, 
snd  there  could  no  longer  be  any  doubt  that  the  sun  at  a 
/Stance  of  nearly  92,000,000  mJles  can  produce  a  complete 
1  ltuni«:ane  of  magnetic  disturbance  on  our  earth.  This  con- 
nection of  the  storms  with  the  sun-spots  seems  indeed,  as  I 
Juve  said,  p.  367,  to  suggest  that  the  sun  must  have  the 
;  power  of  producing  magnetic  currents  in  some  more  direct 
i-way  than  merely  through  the  action  of  electric  currents  set 
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up  by  the  varying  hcat^on^different  parts  of  ihe  earth.  The 
whole  subject  of  electricity  and  magnetism  has  been  carried 
in  the  present  century  far  farther  than  we  can  attempt  lo 
follow  it  here,  for  mathematical  knowledge  is  necessary  in 
order  to  understand  its  laws  as  worked  out  by  Weber  and 
Helmholtz  in  Germany,  and  Sir  W.  Thomson  and  Clerk- 
Maxwell  in  England. 

Invention  of  the  Eleotric  Telegraph  by  WlLeatstone 
and  Cooke,  IS37' — We  have  spoken  in  the  last  paragrajA 
of  the  electric  telegraph,  and  though  this  is  more  strictly  ai 
invention  than  a  step  in  science,  yet  we  can  hardly  close  ai 
account  of  electricity  and  magnetism  without  showing  hot 
the  discovery  of  these  two  forces  has  made  it  possible  (bt 
our  thoughts  to  be  carried  in  a  few  moments  of  time 
bnd  and  sea  to  the  most  distant  parts  of  the  world. 

Ever  since  Volta  had  shown,  in  1 800,  that  an  electric  cur- 
rent can  be  sent  for  any  distance  along  a  wire  the  two  ends 
of  which  are  joined  to  the  poles  of  a  battery,  scientific  n 
had  speculated  whether  it  might  not  be  possible  to  use  thjf' 
current  for  making  signals  at  a  distance.  But  there  « 
always  the  difficulty  of  how  to  make  the  signs  at  the  o 
end.  In  1816,  Mr.  Ronalds,  of  Hammersmith,  hutvg  pitb' 
balls  on  to  a  wire,  which  stood  out  while  the  current  ti 
flowing,  and  fell  down  again  when  it  ceased ;  and  1 
other  such  plans  were  tried,  but  none  succeeded  well. 

When  Oersted,  however,  showed  in  1819  that  an  electric 
current  will  cause  a  magnetic  needle  to  turn  from  side  tn 
side,  it  was  clear  that  here  was  a  means  by  which  s 
could  be  made  at  any  distance ;  and  accordingly  we  liik 
that  Ampf;re,  in  1830,  proposed  to  work  signals  byamagntf; 
and  different  attempts  were  made  in  Europe  and  Amer 
to  cany  out  his  idex  The  first  electric  telegraph  of  a 
value  was  patented  by  Professor  \V'heatstone  and  Mr.  CoolH 
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in  June  1837  ;  and  during  the  same  year  Dr.  Steinheil,  of 
Munich,  and  Professor  Morse,  of  America,  both  invented 
telegraphs  of  rather  different  kinds.  I  shall  not  attem|H 
to  describe  al!  of  these,  but  only  to  explain  the  simplest 
principle  of  an  electric  telegraph  as  it  is  used  in  England, 
and  to  show  how  it  depends  upon  electricity  and  magnetism. 

You  will  see,  if  you  turn  back  to  Figs.  64  and  65,  p  359, 
thai  when  the  electric  current  flowed  round  one  way,  a  b  c 
4,  Fig.  64,  the  north  pole  of  the  needle  turned  to  the  west ; 
when  it  flowed  round  the  other  way,  abed.  Fig.  65,  the 
norlh  pole  turned  to  the  east.  Now  the  signals  of  the 
electric  telegraph  depend  upon  this  fact,  that  the  direction 
of  the  current  alters  the  direction  of  the  magnet.  'When 
one  man  wants  to  send  a  message  to  another,  he  does  it  by 
sending  an  electric  current  from  a  battery  along  a  telegraph 
wire,  so  that  it  passes  a  magnetic  needle  either  from  right 
to  left  or  from  left  to  right.  When  it  flows  round  one  way, 
the  needle,  even  if  it  is  a  hundred  miles  off,  turns  to  the 
right,  when  it  flows  round  the  other  way  the  needle  turns 
ro  the  left ;  and  it  is  agreed  that  so  many  strokes  to  the 
right  mean  one  letter,  and  so  many  to  the  left  another  letter, 
and  in  this  way  a  message  can  be  spelt  out,  however  far  off 
the  two  men  may  be. 

This  is  the  whole  secret  of  the  electric  telegraph ;  but  to 
understand  how  it  works  you  must  follow  the  explanation  of 
the  two  diagrams  (Figs.  69  and  70)  very  carefully.  Suppose 
that  a  message  is  going  between  London  and  York,  four 
things  are  wanted  to  convey  it : — 1.  A  battery  to  produce 
an  electric  current,  a.  A  wire  to  carry  the  current.  3.  A 
galvanometer,  that  is  a  box,  a,  a',  holding  a  magnetic  needle 
to  make  the  signs.  4,  A  bttle  box  called  a  commutator, 
B,  b",  in  which  the  position  of  the  wires  can  be  changed  so 
as  to  send  the  current  first  one  way  and  then  another. 
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1.  The  battery  is  an  ordinaiy  chemical  batteiy  such  as 
has  already  been  explained. 

2.  The  wire  is  stretched  from  station  to  station,  restiDg 
on  little  earthenware  cups  to  prevent  the  electricity  running 
down  the  poles  into  the  earth,  and  is  arranged  in  a  coil  round 
the  magnetic  needle  at  each  station  in  such  a  way  that  when 
the  current  flows  from  left  to  right  the  needle  will  turn  to 
the  right,  when  it  flows  from  right  to  left  the  needle  will  tuni 
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Fig.  70. 
Diagrams  showing  the  general  principle  of  the  Electric  Telegraph. 

A,  a',  Galvanometer,  or  box  containing  the  magnetic  needle,  b,  b'.  Commutator,  « 
box  in  which  the  telegraph  wire  and  earth  wire  are  joined  to  each  other  as  in  b'. 
or  to  the  battery,  as  in  e.  c,  </,  Telegraph  wire.  *,  Earth  wire,  f^  g^  Copper 
plates  at  the  end  of  the  earth  wire.  The  arrows  show  the  direction  of  the  positive 
current. 

to  the  left.  You  will  observe  that  there  is  only  one  wire  in 
the  diagram,  although  we  know  that  no  current  will  pass 
unless  there  is  a  complete  circuit  from  the  battery,  going 
out  at  one  po\e  axvd  eoming  back  to  the  other.     At  first 
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lelegraphs  were  made  with  a  second  wire  to  return  the 
current,  but  Steinheil  discovered  that  this  is  not  needed, 
for  that,  if  the  ends  of  the  wires  are  sunk  in  the  ground, 
with  pktes  of  copper,/^,  fastened  to  them,  the  earth  itself 
will  act  as  the  second  wire  and  carry  back  the  return 
current  to  the  battery.  It  is  not  known  precisely  how  the 
current  returns ;  it  has  been  suggested  that  the  earth  is  a 
great  reservoir,  as  it  were,  of  electricity,  so  that  when  the 
current  runs  into  it  at  one  place  an  equal  amount  must  run 
out  at  another;  but  all  that  is  really  known  is  that  the 
whole  globe  acts  praaicaljy  as  a  return  wire. 

3.  The  magnetic  needle  is  made  of  two  or  more  parts,  for 
it  would  be  very  inconvenient   if  the  jrainter  were 

lys  trying  to  turn  to  the  north,  this  is  avoided  by  fasten- 
ing two  needles  side  by  side,  with  the  north  pole  of  the  one 
lying  against  the  south  pole  of  the  other,  and  thus,  as  the 
earth  attracts  each  needle  in  a  different  way,  the  pull  is 
neutrahsed.  This  double  needle  is  called  an  astatic  needle, 
and  in  the  form  of  telegraph  we  are  describing,  it  is  placed 
in  the  box  A,  and  surrounded  by  the  wire,  while  a  light 
of  whalebone  outside  the  box  is  so  fastened  as  to  show 

the  face  of  the  dial  how  the  needle  is  ijointing  inside. 

4.  The  commulator,  b,  is  a  box  with  an  apparatus  inside 
which  is  so  arranged  that  by  turning  a  handle  (not  shown 
in  the  diagram)  different  waj's,  the  earth  wire  and  telegrajih 
wire  can  be  joined  together,  or  either  of  them  can  be  joined 
to  one  of  the  poles  of  the  battery. 

The  commutator  and  galvanometer  are  really  made  in 
one  instrument,  but  I  have  drawn  them  separate  to  make 
ore  clear. 

ow,  when  the  man  in  London  wants  to  send  his  mes- 
to  York,  he  first  sends  off  a  current  which  rings  a  little 
at  all  the  stations  along  the  line  to  call  attention,  and 
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then  spells  out  the  word  York.  This  warns  the  man  at 
that  station  to  turn  the  handle  of  his  commutator,  b',  so  that 
the  telegraph-wire,  rf,  and  the  earth-wire,  g,  are  joined  to- 
gether. Then  the  message  can  be  sent.  The  man  in 
London  turns  his  handle  according  as  he  wishes  the  curreol 
to  go.  In  Fig.  69  he  has  turned  it  so  that  the  telegraph 
wire,  c,  is  joined  to  the  positive  pole  of  the  battery,  and  the 
current  will  pass  abn'c  ground  along  c  d  to  the  galvano- 
meter a',  turning  the  needle  to  the  right,  and  will  then  g9 
back  into  the  earth,  and  an  equal  amount  is  restored  al/( 
to  the  battery.  But  in  Fig.  70  the  man  has  altered  the 
handle,  and  now  the  eartii-wire,  c,  is  joined  to  the  positive 
pole,  and  so  the  current  passes  underground  at  e/,  and  out 
at  jf,  and  entering  the  galvanometer  on  the  left  side,  turns 
the  needle  to  the  left,  and  goes  back  by  the  telegraph  wire, 
,/  c,  to  the  battery.  In  this  way  he  turns  it  from  right  to 
left  as  he  will,  and  spells  out  the  message  thus  r  Left,  right 
7  =  A ;  left,  right,  left,  left. ,/,,  =  L ;  left,  right,  right  J/  =  Vf;. 
left,  \=  E;  therefore  ,/;  ,/,j  ,/„;  J/;  \;  X;  J^;   spelU 

It  is  not  necessary  to  have  a  separate  wire  for  every  tele- 
graphic station  :  one  wire  will  do  all  the  work  so  long  as  it 
is  only  used  by  one  man  at  a  time,  and  it  has  now  indeed 
been  found  possible  to  send  twq  separate  messages  at  the 
same  time  along  one  wire.  Therefore  at  every  station  there 
is  a  galvanometer  to  point  out  the  message,  a  battery  to 
provide  ihe  current,  and  a  commutator  to  change  the  current ; 
but  these  are  not  joined  to  the  general  wire  unless  they 
are  being  used;  in  Morse's  American  telegraph,  which 
is  generally  used  on  the  Continent,  the  needle  pricks  holes 
in  a  strip  of  paper,  so  that  [he  message  can  be  kept ;  Bain's 
electro-chemical  telegraph  writes  down  the  marks  on  chemical 
paper;    while  lately  (1879)    Mr.  Cowijer  has  invented  a 


telegraphic  writing  machine,  in  which  the  words  written  at 
one  end  are  reproduced  in  facsimile  by  a  pen  at  the  other 
end  of  the  wire.  But  all  these  are  only  improvements  of 
the  same  principle  by  which  an  electric  current  going  first 
one  way  and  then  another  acts  on  a  magnetic  needle. 

The  Telephone.  1837-1872. — Wonderful  as  the  elec- 
tric telegraph  is  in  its  power  to  send  messages  almost  in- 
stantaneously across  the  world,  yet  within  the  last  few  years 
an  instrument  still  more  wonderful,  and  at  the  same  time 
even  more  simple,  has  been  invented.  This  is  the  telephone, 
a  smalt  instrument  which,  when  fastened  to  one  end  of  a 


■  while  a  similar  instrument  is  fixed  at  the  other  end, 
enables  us  to  talk  with  a  person  miles  distant  from  us,  so 
that  he  can  not  only  hear  the  words  we  say  but  even  recognise 
the  tones  of  our  voice. 

As  usual  many  men  have  helped  to  bring  this  instru- 
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merit  to  perfection.     Page  in  America,  de  la  Rive  and  Reiss 
on  the  Continent,  and  Varley  in  England,  have  all  made 
attempts  to  produce  speaking  at  a  distance,  while  Elisha 
Gray  of  Chicago  produced  an  instrument  working  with  a 
battery,  by  means  of  which  vocal  sounds  could  be  trans- 
mitted.    But  to  Professor  Graham  Bell  of  Boston  is  due 
the  credit  of  having  in  1876  at  last  succeeded  in  making  a 
telephone  of  the  simple  construction  now  used.     Fig.  71  is 
a  drawing  of  the  telephone  with  a  section  of  it  by  the  side  ; 
one  of  the  wires  fastened  to  the  end  of  the  instrument  is 
carried  across  the  country  and  fixed  at  the  other  end  to 
another  instrument  exactly  like  it ;  the  other  wire  is  con- 
nected with  the  earth.     We  have  seen,  p.  364,  that  Faraday 
was  able  to  produce  a  powerful  electric  current  in  a  coil  of 
wire  by  drawing  a  magnet  in  and  out  of  the  centre  of  the 
coil.     In  Bell's  telephone  a  permanent  magnet,  d^  has  a  piece 
of  soft  iron,  b^  fastened  to  one  end  of  it,  and  round  this  soft 
iron  is  a  coil  of  silk-covered  copper  wire.     At  a  little  dis- 
tance from  the  soft  iron  bar  is  placed  an  iron  plate,  <7,  with 
an  oi)ening  above  it  in  the  wooden  case  enclosing  it,  and 
into  this  opening  the  person  si)eaks.     The  vibrations  of  the 
voice  make  the  particles  of  the  iron  plate  or  diaphragm 
vibrate,  so  that  the  plate  does  not  move  up  and  down  as  a 
whole,  but  more  probably  quivers,  as  it  were,  throughout  its 
whole  surface.     This  vibration  affects  the  soft  iron  bar,  which, 
it  must  be  remembered,  is  not  a  permanent  magnet,  but  only 
made  so  by  touching  the  permanent  magnet  below.     So  the 
magnetisation  of  the  soft  iron  is  altered  at  ever)'  sound 
according  to  the  rate  at  which  it  vibrates  and  the  form  of 
the  vibration.     This  alteration  at  once  sets  up  electric  cur- 
rents in  the  coil  of  wire  r,  and  these  pass  along  the  wire 
instantaneously  to  the  person  at  the  other  end,  even  if  they 
are  miles   away.      This   person   holds  an  exactly  similar 
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telephone  to  his  ear.  The  currents  pass  into  the  coi!  c, 
affect  the  soft  iron  b,  and  make  the  iron  plate  a  vibrate 
(xactly  in  the  same  way  as  the  similar  plate  did  at  the  speak- 
ing end.  So  the  same  sounds  are  returned  to  the  air  at 
ly  the  same  rate  and  of  the  same  form  as  the  sounds 
III  by  the  voice  at  the  other  end,  and  we  hear  the  very 
le  of  our  friend's  voice,  not  because  the  sound  vibrations 
travelled,  but  because  these  have  been  changed  into 
electric  currents  at  one  end,  and  they  are  changed  back 
again  into  sound  at  the  other.  There  arc  many  difficuhies 
still  about  the  working  of  the  telephone ;  other  noises  some- 
times interfere  with  the  wire  and  make  confusion,  and  the 
currents  are  so  weak  that  a  very  little  disturbance  prevents 
their  acting  properly,  but  there  is  little  doubt  that  all  this 
will  soon  be  remedied,  and  we  shall  possess  the  means  of 
talking  with  those  we  love  even  though  miles  may  separate 
tis.  Indeed  it  is  almost  impossible  to  say  how  far  the 
numerous  improvements  now  being  made  may  not  carrj'  us, 
Mr.  Edison,  the  well-known  inventor  in  America,  has  now 
constructed  a  carbon  telephone  which,  when  it  is  put  in  the 
circuit  of  a  battery,  enables  words  uttered  115  miles  distant 
to  be  heard  easily  by  a  large  audience,  and  the  time  may 
when  speeches  made  in  London  may  be  listened  to 
cnmded  meetings  in  all  parts  of  England. 

^  Chief  Werks  eaitiulted.  —  Lindner's   '  Cydopicdia '— '  Eleclridty, 

,  and  Meteorology;'  'Annals  of  Philosophy,' New  Series, 

1,  voU.  ii.  and  Ui.  ;  'History  of  Magnetism ;'  '  Encydopxdii  Me- 

.  '  Electto-Mflgnelism  ;'  Faraday's  'Experimental  Rc- 

•eaiches  in  Eleclririly,'  1859  ;  Tyndall's  '  Faraday  as  a  Discoverer  j' 
Gladstone's  'Michael  Faraday;"  'Nonvelle  Bic^.  Universelle ' — 'Am- 
pere,' '  Oersted  j'  Ampew,  '  Obsetvalions  Electro-dynamiques,'  1812  ; 
Faraday,  '  Various  Foicesof  Nature ;'  Proclor,  'The  Sun ;'  llerschel's 
'Familiar  Lectures;'  Biaode's  'Manual  of  Chemistry  ;'  I'reecc  On 
the  Telephone,  '  Nature,'  vol.  xvi.  p.  403. 
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CHAPTER    XXXVII. 


OF  THE   NINETEENTH   CENTURY   (CONTINITED). 

Sir  Humphry  Davy^Lnughing-eas — Sofely-lamp,  1815— Elccttolysii 
—Nicholson  and  Carlisle — Faraday — John  Dallon — Law  of  Mul- 
tiple Proportions — Atomic  Theory — Lieliig — Orgmiic  Chemistiy. 

Sir  Humphry  Davy,  1778-1839. — We  saw    in   the  last 

chapter  how  Oersted,  Davy,  Ampfeie,  Faraday,  and  Seebeck, 
by  their  various  discoveries,  showed  the  connection  between 
Electricity,  Magnetism  and  Heat.  We  must  now  leain  how 
the  connection  between  electricity  and  chemical  change  was 
also  worked  out.  This  was  done  by  Sir  Humphry  Davy 
and  Faraday,  who  thus  put  England  once  more  at  the  head 
of  chemical  discovery,  in  which  the  French  school  of  Lavoisier 
had  so  long  taken  the  lead. 

Sir  Humphry  Davy,  whom  we  have  mentioned  before  am 
making  experiments  upon  heat,  was  bom  in  1778,  at  Pen- 
zance, in  Cornwall,  and  died  at  Geneva  in  1819.  Hb 
mother  being  a  widow,  he  was  apjirentJced  when  quite  young 
to  an  apothecarj-,  and  there  with  wine  glasses,  old  medicine 
bottles,  tobacco  pipes,  and  a  syringe,  he  made  his  first 
chemical  experiments.  When  he  was  scarcely  twenty  yean 
of  age,  Dr.  Beddoes,  a  physician,  who  had  opened  a  hospital 
for  curing  patients  by  the  use  of  different  gases,  heard  s0 
much  of  the  young  man's  abilities  that  he  invited  him  to 
come  to  Bristol,  where  he  employed  him  in  making  experi 
ments. 
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In  this  way  Davy's  attenlion  was  drawn  to  nitrous  oxide, 
3  gas  which  had  been  declared  by  a  celebrated  physician, 
Dr.  Mitchell,  to  be  very  poisonous.  Our  young  chemist 
wanted  to  try  this  for  himself,  and  actually  began  breathing 
h  in  small  quantities  to  see  whether  it  would  affect  hini. 
He  proved  that  it  certainly  was  not  so  poisonous  as  Mitchell 
had  thought,  and,  growing  gradually  bolder  and  bolder  in 
the  use  of  it,  he  succeeded  at  last  in  breathing  the  gas  for 
se^-eral  minutes,  at  the  end  of  which  time  he  lost  all  con- 
sciousness, and  found  himself  in  a  land  of  delicious  dreams, 
out  of  which  he  awoke  gradually  without  being  injured  in 
«ny  way.  Enchanted  at  having  discovered  such  a  delightful 
sensation,  he  carried  on  his  experiments  for  more  than  ten 
months,  and  when  he  published  the  results,  and  told  the 
world  that  the  mere  breathing  of  a  gas  could  make  a  man 
sleep,  and  dream,  and  laugh  without  any  cause,  it  created 
a    great    sensation,  and    Davy's  name    soon  became  well 

At  this  time  (1801)  the  Royal  Institution  had  just  been 
founded,  and  Count  Rumford,  seeing  that  Davy  was  a  young 
man  of  great  talent,  offered  him  the  appointment  of  Assistant- 
chemisL  Davy  accepted  it,  and  from  that  lime  devoted 
himself  entirely  to  science.  He  was  young,  bright,  and 
enthusiastic,  and  his  lectures  were  so  clear  and  eloquent, 
thai  the  Royal  Institution  soon  became  famous  under  his 
influence,  while  every  new  ajipliance  for  making  chemical 
experiments  was  given  him  in  his  laboratory.  It  was  here 
that  he  made  his  observations  on  flame  in  1815,  and  con- 
structed his  Safety-lamp,  which  has  saved  so  many  lives,  and 
for  the  invention  of  which  he  received  the  title  of  baronet. 
It  was  here  also  that  he  made  his  first  experiments  in  electro- 
chemistry, which  is  the  only  one  of  his  many  discoveries  of 
which  we  can  speak. 
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Discovery  of  Electrolysis,  or  the  DflcompoBition  of 
SabBtauoes  by  Electric  Currents,  1800-1806. — In 
year  1 800,  two  men  named  Nicholson  and  Carlisle  discovered 
by  chance  thai  when  the  two  wires  of  a  voltaic  battery  w 
dipped  in  water,  bubbles  of  gas  rose  up  from  them.  They 
also  found  by  experiment  that  the  gas  from  one  wire  wm 
ojcygen,  and  from  the  other  hydrogen ;  but  where  these  gases 
came  from,  whether  they  were  produced  by  the  electricity, 
or  came  from  the  battery,  or  from  the  water,  they  could  not 
tell.  Moreover,  besides  the  oxygen  and  hydrogen  which 
came  off,  there  also  appeared  an  acid  of  some  kirid  at  the 
positive  |>ole,  as  was  shown  by  damp  litmus  paper  turning 
red  (see  p.  az8),  and  an  alkali  ajipeared  at  the  negative 
pole  which  turned  this  red  litmus  paper  blue  again.  This 
looked  as  if  the  electric  current  had  produced  something  in 
the  water  j  for  Cavendish,  as  you  will  remember,  had  shown 
that  pure  water  is  made  of  oxygen  and  hydrogen  only  (see 
p.  230).  Many  chemists,  therefore,  set  themselves  to  try 
to  discover  what  effect  the  electric  current  had  on  the  water, 
and  Davy  in  1806  succeeded  in  solving  the  questioru 

The  history  of  his  experiments  is  especially  interesting 
because  it  shows,  as  we  have  noticed  so  often  before,  that  a. 
patient  and  careful  inquiry  into  nature  always  gains  a  trae 
answer  in  the  end.  Davy  did  not  believe  that  the  electric 
current  produced  anything  in  the  water ;  he  thought  that 
both  the  acid  and  the  alkali  came  from  the  vessels  that  weie 
used.  So  he  set  lo  work  steadily  to  clear  away  all  possibilitjr 
of  impurities.  He  took  distilled  water,  and  used  cups  first 
made  of  agate,  and  afterwards  of  pure  gold,  because  1 
found  that  the  clay  of  the  china  cups  was  acted  upon  by  tb^ 
current.  Yel,  in  spite  of  these  and  many  other  precautionaji 
the  acid  and  the  alkali  still  continued  to  appear.  Then  ll 
used  water  which  he  had  evaporated  very  slowly,  instea 


of  distilling  it,  because  he  found  that  distilled  water  carried 
away  some  salt  with  it  When  he  had  done  this  the  acid 
ft-as  weaker,  but  the  alkali  was  as  strong  as  ever.  At  this 
point  it  occurred  to  him  that  the  alkali  might  perhaps  come 
out  of  the  air,  so  he  put  his  gold  cups  of  water  under  an 
air-pump,  and  completely  exhausted  the  air,  filling  the  pump 
with  hydrogen  to  make  quite  sure  that  no  other  gas  could 
be  left  in.  When  he  had  tried  this  several  times  and  made 
it  perfect  in  every  way,  he  succeeded  at  last  in  getting  nearly 
putt  oxygen  at  one  poU  and  hydrogen  at  the  other,  while  the 
water  decreoied  in  the  cups. 

By  this  experiment  Uavy  not  only  confirmed  Cavendish's 
discovery  that  pure  water  contains  nothing  but  hydrogen  and 
oxygen,  but  he  also  established  a  totally  new  method  of 
analysing  substances,  and  finding  out  the  materials  of  which 
they  are  comjiosed.  This  method  was  in  some  ways  more 
certain  than  Bergmann's  method  of  tests,  for  when  you  drive 
one  element  out  by  putting  another  in  its  place,  you  have 
some  difficulty  in  finding  out  exactly  what  has  happened  ;  but 
when  a  substance  is  decomposed  by  electricity  you  literally 
take  it  to  pieces,  and  see  the  elements  of  which  it  consists. 
Discovery  of  PotasHium  and  Sodium. — Having  suc- 
ceeded in  the  case  of  water,  Davy  now  went  on  to  try  the 
effect  of  theelectric  current  on  other  bodies,  and  the  first  which 
hetook  were  common  potash  and  soda,  which  had  always  been 
supposed  to  be  simple  substances,  which  could  not  be  decom- 
For  several  reasons,  however,  Davy  beheved  that  it 
1  be  possible  to  reduce  them  into  more  than  one  sub- 
So  he  heated  some  pure  potash  in  a  sfxion  until  it 
5  quite  liquid,  and  fastening  the  two  ends  of  the  spoon  to 
e  wires  of  a  battery,  he  sent  an  electric  current  through  it. 
Aer  a  little  while  the  potash  began  to  be  agitated,  and  to  rise 
p  in  bubbles,  and  then  there  came  to  the  surface  beautiful 
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silver-like  globules,  some  of  which  burst  into  Hume,  while 
others  remained  covered  by  a  sort  of  white  film. 

'  Dai7's  delight,'  writes  his  brother,  '  when  he  saw  the 
minute  shining  globules  like  mercury  burst  through  the  crust 
of  potash  and  take  fire  as  they  reached  the  air,  was  so  great 
that  he  could  not  contain  his  joy — he  actually  bounded 
about  the  room  in  ecstatic  delight.'  It  must  indeed  have 
been  a  beautiful  sight  in  itself;  but  probably  Davy's  excite- 
ment arose  chiefly  from  the  new  truth  he  saw  in  it  He  had 
proved  that  potash  was  not  a  simple  substance,  but  contained 
something  which  had  never  betbre  been  discovered. 

At  first  he  had  great  difficulty  in  collecting  the  globule^ 
for  they  not  only  burst  into  fiame  when  they  met  the  air, 
but  even  in  water  they  took  fire,  joining  themselves  to  the 
oxygen  and  setting  the  hydrogen  free.  At  last,  however,  he 
succeeded  in  collecting  them  in  rock  oil,  or  naphtha,  which 
contains  no  oxygen.  He  was  then  able  to  examine  tbenit 
and  he  found  they  were  composed  of  a  metal  hitherto  quin 
unknown,  to  which  he  gave  the  name  oi potassium.  A  fe* 
days  later  he  procured  the  metal  sodium  out  of  common 
soda  by  the  same  process. 

This  method  of  decomposing  substances  is  called  datn- 
fysis,  which  means  '  setting  free  by  electricity,'  Davy  mada 
use  of  it  to  decompose  many  earths,  such  as  time,  magnesia, 
etc.,  and  the  great  Swedish  chemist,  Berzelius  (bom  1778 
dit;d  1848),  discovered  several  new  chemical  substances  \xf 
means  of  it. 

Faraday's  ExperimontH  on  the  Connection  betnreeil 
Electricity  and  Chemical  Afftnity,— The  |)ower  of  d©- 
composing  substances  was  the  practical  benefit  obtained 
by  the  discovery;  but  it  had  another  great  interest  for 
chemists,  because  it  proved  that  electricity  can  overcome 
that  power  called  '  chemical  affinit)','  which  holds  two 


ELECTRICITY  d-  CHEMICAL  AFFINITY.   3S3 


more  elements  together  in  one  compound  substance.  You 
will  remember  that  Bergmann,  and  indeed  Newton  before 
him,  pointed  out  that  there  is  some  force  which  causes 
certain  bodies  to  choose  each  other  out  when  they  meet, 
snA.  to  unite  firmly  so  as  to  become  a  new  substance  which 
has  its  own  peculiar  characters.  Chlorine  and  sodium,  for 
example,  when  heated,  unite  to  form  common  salt,  which  is 
not  the  least  Uke  either  chlorine  or  sodium  when  they  are 
separate ;  and  in  the  same  way  hydrogen  and  oxygen  unite 
to  form  water.  In  these  new  states  they  are  held  together 
by  a  power  which  for  want  of  a  better  name  we  call 
'  chemical  attraction,'  or  '  chemical  affinity.' 

Now  Davy  showed  that  an  electric  current  conquers  this 
power  and  sets  the  different  elements  free,  so  that  they  can 
each  go  their  own  way.  Thus  the  electric  current  passing 
through  the  water  overcomes  the  force  which  holds  the 
oxygen  and  hydrogen  together,  so  that,  at  the  point  where 
the  battery  wires  touch  the  water,  hydrogen  bubbles  come 
off  on  one  side  and  oxygen  on  the  other. 

It  is  10  Faraday,  however,  that  we  owe  most  of  our 
knowledge  about  the  intimate  connection  between  electricity 
and  chemical  change.  He  followed  Davy's  experiments, 
and  traced  out  very  clearly  the  cause  and  effect  of  the 
chemical  current.  He  showed  in  the  first  place  that  a  sub- 
stance cannot  be  decomposed  by  electricity  unless  it  is  a 
good  conductor,  so  that  the  current  passes  readily  along  it. 
Thus,  ice  being  a  bad  conductor,  the  slightest  film  of  ice 
interposed  between  the  water  and  the  electric  wires  will  pre- 
vent the  current  from  setting  free  the  oxygen  and  hydrogen  ; 
and  ether  and  alcohol  cannot  be  decomposed  at  all  by  elec- 
tricity, because  they  will  not  conduct  the  current 

He  also  showed  that  the  electric  current  itself  does  not 
depend  upon  any  effect  which  the  two  metals  have  directly 
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upon  each  other,  as  Volta  thought,  but  is  caused  by  the 
chemical  action  going  on  between  the  zinc  and  the  water. 
Thus,  if  you  put  some  zinc  in  sulphuric  acid  and  water,  the 
zinc  pulls  the  water  to  pieces,  and  hydrogen  gas  comes 
bubbling  off,  but  if  you  coat  the  zinc  with  mercury,  hydrogen 
will  no  longer  come  off,  and  no  action  will  take  place  till 
you  put  another  meta!  in  the  water,  as  for  example  a  piece 
of  copi>er,  and  connect  the  two  metals  by  a  wire.  Then  the 
hydrogen  bubbles  off  again,  but  this  time  it  does  not  come 
off  the  zinc,  but  off  the  copper.  The  force  which  overconiei 
the  chemical  attraction  in  the  water  has  been  made  to  travel 
across  the  vessel  from  one  metal  to  the  other,  and  ihij 
journey  may  be  made  as  long  a  one  as  you  choose,  and  may 
even  be  continued  for  hundreds  of  miles  if  only  the  current 
has  some  means  of  finding  its  way  home  to  the  first  metal 
at  last 

Now  all  this  is  a  modified  result  of  the  chemical  actioil 
of  the  zinc  and  acid  water  upon  each  other ;  as  Farsdaf 
proved  in  a  most  beautiful  way  by  showing  that  the  power 
of  the  electric  current  to  decompose  water  in  another  ve^el 
depends  entirely  upon  the  violence  of  the  action  going  on 
between  these  two  elements  of  the  battery.  If  the  battery 
is  weak,  the  water  in  which  the  ends  of  the  wires  are  dii^xd 
is  decomposed  slowly ;  if  the  battery  is  strong,  the  bubbles 
of  oxygen  and  hydrogen  come  off  rapidly  and  vehemently. 
This  led  him  to  invent  a  useful  little  instrument  called  X 
•voltameter,  which  measures  the  cjuantity  of  water  decani 
posed,  and  so  tells  exactly  what  is  the  strength  of  the  electric 
current  '  Thus  we  see,'  says  Faraday  in  one  of  his  lectures, 
'  that  the  power  which  decomposes  water,  or  produces  ibo 
heat  and  light  of  the  electric  spark,  is  neither  more  nor  lesi 
than  the  chemical  force  of  the  zinc — its  very  force  carried 
along  the  wires  and  conveyed  to  another  place.' 


Il 


And  here  a^n  we  find  ourselves  brought  face  to  face 
with  the  truth  that  all  ihe  various  physical  forces  are  only 
different  forms  of  one  and  ihe  same  force.  ^Ve  learnt  be- 
fore that  mechanical  energy  can  be  turned  into  heat,  and 
heat  into  mechanical  encrg)-,  while  heat,  magnetism,  and 
electricity  all  in  the  same  way  gix-e  rise  to  each  other ;  and 
now  we  learn  that  chemical  change  gives  rise  to  electricity, 
and  electricity  in  its  turn  to  chemical  change.  So  that  the 
whole  set  of  phj-sical  forces,  heat,  electricity,  magnetism, 
and  chemical  change,  are  all  different  phases  of  one  inde- 
structible force  which  we  lose  sight  of  in  one  shape,  only 
to  find  it  in  anoiher. 

UethodB  of  Studying  Chemistry. — We  have  now 
leaml  how  most  of  the  chief  methods  of  prodocing  chemical 
change  have  been  worked  out.  The  science  of  chemistry 
consists  in  using  these  methods  to  test  and  decompose  all 
the  substances  in  our  earth  and  atmosphere,  and  so  learning 
their  nature. 

We  have  seen  that  there  are  four  ways  of  thus  analysing 
compound  bodies.  First,  by  testing  them  with  other  sub- 
stances which  attract  some  of  their  elements,  and  draw  these 
out  of  tht;  compound,  as  when  by  plunging  a  piece  of  iron 
into  nitrate  of  copper  the  iron  attraas  the  nitric  acid  and 
draws  it  out,  leaving  the  copper  to  fall  down  as  a  metal. 
This  was  the  method  chiefly  worked  out  by  Bergmann  in 
1761,  and  which  has  since  then  been  brought  to  much 
greater  perfection  by  other  chemists. 

Secondly,  by  heating  substances  gently  and  examining 
the  vapours  which  rise  from  them,  and  afterwards  analysing 
what  remains  by  burning.  This  method  was  fairly  under- 
stood !))■  Gebcr,  and  was  first  applied  to  organic  substances 
by  Boerhaave. 

Thudly,  by  passing  an  electric  current  through  a  com- 
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pound  substance  in  a.  Huid  state,  and  so  overcoming  the 
force  which  holds  the  differenl  elements  together  and 
setting  them  free.  This  method,  called  dtctrolysis,  was  dis- 
covered hy  Davy  in  1806,  and  afterwards  thoroughly  worked 
out  by  Faraday. 

Fourthly,  there  is  the  method  of  spectrum  analy«i 
suggested  by  Herschel  in  1822,  which  was  carried  on  with 
great  success  by  Bunsen  and  Kirchhoff.  In  this  method 
the  substance  is  turned  into  gas  either  by  ordinary  heat  01 
by  the  electric  spark,  and  is  then  examined  by  the  spectro- 
scope ;  the  elements  being  determined  by  the  position  of 
the  bright  lines  they  throw  on  the  spectrum. 

There  is  still  a  fifth  method,  about  which  we  have  ssid 
nothing  as  yet,  and  which  was  chiefly  brought  into  use  by 
the  chemist  Berzelius,  namely  the  fusing  of  substances  by 
means  of  the  blowpipe.  This  instrument  is  merely  a  little 
tube  with  a  mouthpiece  at  one  end  and  a  very  minute  liole 
at  the  other.  By  placing  the  minute  hole  in  the  middle 
of  a  flame  and  blowing  through  the  mouthpiece,  the  centre 
of  the  flame  is  made  to  burn  furiously,  and  many 
stances  can  be  melted  and  decomposed  by  it  which  do  not 
yield  to  ordinary  heaL 

By  these  different  methods  a  very  large  number  of  sub- 
stances have  been  analysed  since  the  time  of  Davy  and 
Faraday,  and  sixty-four  elements  or  simple  substances  have 
been  discovered.  It  is  possible  that  some  of  these  ma^ 
even  at  some  future  time  be  decomposed  and  shown  to  be 
made  up  of  two  elements ;  we  can  only  affirm  that  now  they 
appear  to  us  to  be  simple  substances.  Some  of  these 
elements  have  been  brought  together  and  made  to  unite 
into  compound  substances  by  artificial  means ;  as  when, 
for  instance,  oxygen  and  h)drogen  mixed  and  lighted  bf 
a  spark  rush  together  and  form  water,  or  when  hydrog< 
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and  chlorine  mixed  together  and  placed  in  the  sunlight 
unite  to  form  hydrochloric  acid.'  This  method  of  bringing 
elements  together  to  form  a  compound  substance  is  called 
synthesis,  and  is  exactly  the  opposite  of  analysis,  or  the 
splitting  up  of  a  compound  substance  into  its  elementary 
parts. 

To  follow  out  the  gradual  development  of  S3mthesis  and 
analysis,  and  the  discoveries  of  our  great  modem  chemists, 
such  as  (Irahani,  Andrews,  and  others,  would  be  to  wTite  a 
work  upon  chemistry.  There  is  only  one  other  general  prin- 
ciple which  we  ought  to  try  and  understand  here ;  namely, 
the  proportions  in  which  the  elements  combine  to  form  sub- 
stances. This  principle,  which  lies  at  the  root  of  all  our 
modern  chemistry,  was  first  worked  out  by  a  [X)or  school- 
master named  Dalton. 

Dalton  shows  that  the  Differaiit  Chemical  Elements 
always  Combine  in  Definite  Proportions. — John  Dalton 
was  bom  of  Quaker  parents  in  1766,  near  Cockermouth,  in 
Cumberland.  He  received  the  ordinary  education  of  a 
village  school,  and  after  being  master  of  a  small  academy 
at  Kendal,  he  went  to  Manchester,  where  he  supi»rted 
himself  all  the  rest  of  his  hfe  by  teaching  mathematics. 
Fortunately  for  science,  a  blind  gentleman  named  Gough 
became  interested  in  him,  and  gave  him  the  use  of  his 
library  and  chemical  laboratory-,  which  enabled  Dalton  to 
work  out  many  useful  facts,  and  to  establish  the  laws  which 
are  now  the  guide  of  all  chemists,  though  they  differ  about 
some  of  his  conclusions. 

You  will  remember  that  it  was  only  in  the  time  of 
Lavoisier  that  chemists  began  to  weigh  carefully  the  gases 

■  Sir  II.  Davy  wa^  the  lint  to  discover,  in  1S07,  that  hydrochloric 
acid  »  made  meiely  of  hydingen  smd  ctiloriDe  ;  before  then  it  was 
bdieved  thai  every  acid  musl  have  oJVEeti  in  it. 
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into  which  substances  can  be  decomposed.  Before  then  it 
had  been  thought  sufficient  to  say  that  a  substance  contend 
sulphur,  mercury,  carbon,  etc.,  without  saying  how  much  of 
it  there  was.  But  after  the  discovery  of  oxygen,  when  the 
real  nature  of  chemical  change  began  to  be  understood, 
chemists  saw  the  importance  of  weighing  accurately  the 
different  elements  into  which  a  substance  can  be  broken 
up ;  and  when  this  had  been  done  for  some  time,  and  a 
great  number  of  analyses  had  been  made,  it  was  seen  that 
any  given  chemical  compound  always  eonlains  the  same  flemenis 
combined  in  the  same  proportion. 

'I'hus,  for  example,  all  water,  whether  Jl  comes  from  rain. 
snow,  dew,  steam,  or  exploded  oxygen  and  hydrogen,  will 
always  be  found  to  contain  two  parts  by  weight  of  hydrogen 
to  sixteen  parts  by  weight  of  oxygen  ;  so  that  if  you  decom- 
pose 1 8  ounces  of  water  you  will  collect 

3  vohunes  ofhydrogEn  weigliing  I  ai.  each   ,  a  oa. 

I  votume  of  oxygco  weighing  16  ou.    .  .16  oa. 


And  this  never  varies.     Again,  if  you  take  some 
and  decompose  17  ounces  of  it  you  will  collect 

3  volumes  of  hydrogen  weighing  I  01.  each    . 

I  volume  of  nitn^en  weighing  140/..  .     ] 


And  this  again  never  varies.  Wherever  you  get  ammonii 
it  will  always  be  made  up  of  these  proportionate  weights  of 
hydrogen  and  nitrogen. 

This  combination  of  the  different  elements  in  fixed 
quantities  is  called  the  law  of  definite  proportions.  It  was 
hinted  at  by  four  chemists  before  Dalton  ;  namely  Proust, 
Wenzel,  Higgins,  and  Rifhter,  but  il  was  ver)-  little  under- 
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Stood,  and  some  eminent  chemists,  such  as  Berthelot,  even 
doubted  whether  it  was  true.  Dalton,  however,  made  a  re- 
markable discovery  which  both  proved  the  truth  of  the  law 
itself  and  showed  that  it  meant  a  great  deal  more  than  had 
been  imagined. 

He  found  that  not  only  are  the  elements  in  any  one  sub- 
stance always  in  a  fixed  proiwrtion,  but  that  each  element, 
such  as  oxygen,  has  a  weight  of  its  oion,  and  will  only  com- 
bine with  other  elements  in  proportions  of  this  fixed  weight 
For  example,  oxygen  will  join  itself  to  nitrogen  in  five  dif- 
ferent proportions,  making  five  different  substances,  and  in 
each  case  the  same  fixed  weight  of  oxygen  is  added.  Thus, 
if  you  decompose  a  3 '4  litres  of 


Nitrous  oxide,  you  will  |;ct  i 
Nitric  oiific  ,,  a 

Nitroni  acid  „  a 

Nitric  peroxide        ,,  : 

Nitric  acid  , ,  i 


18  Erammes  16  grunmes 


So  that  each  substance  contains  one  more  volume  of  oxygen 
compared  to  the  nitrogen  than  the  one  before  it ;  and  this 
volume  always  weighs  16  grammes,  while  each  volume  of 
nitrogen  weighs  14  grammes. 

Oxygen  behaves  in  this  way  in  all  compounds,  only  join- 
ing itself  to  other  elements  in  weights  of  16  or  multiples 
of  16.  Thus,  if  you  heat  mercury  as  Lavoisier  did,  so  that 
it  takes  up  oxygen  out  of  the  air,  200  parts  by  weight  of 
mercury  will  combine  with  16  of  oxygen  and  no  more.  If 
you  heat  carbon  with  oxygen,  1 2  parts  by  weight  of  carbon 
will  take  up  16  of  oxygen  to  make  carbonic  oxide,  or  twice 
16  =  33  to  make  carbonic  acid,  but  it  will  not  take  up  any- 
thing between  these  weights.     This  same  law  holds  true  of 
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all  the  elements,  each  one  having  its  own  peculiar  weighL 
Nitrogen,  for  example,  combines  in  weights  of  14,  or  twice 
14  =  aS,  or  three  times  14  =  4a,  etc. ;  sodium  in  weights  of 
23,  46,  and  69,  etc.  This  is  called  the  ia7o  of  multiple pn- 
portions,  which  we  owe  entirely  to  Dalton,  and  it  is  a  fa« 
about  which  all  chemists  agree.  Dalton  went  on  to  tiy  and 
explain  it  by  a  theory  which  is  still  a  matter  of  speculation) 
and  which  some  chemists  do  not  receive. 

Dalton's  Atomic  Theory,  1808. — In  order  to  explain 
why  each  element  should  have  its  fixed  weight  in  which  it 
always  combines,  Dalton  imagined,  as  Democritus,  Epicuni^ 
Bacon,  and  Newton  had  done  before  him,  that  all  maner  is 
composed  of  tiny  parts,  or  atoms,  which  are  too  small  to  be 
seen,  and  which  cannot  be  divided,  'i'hesc  atoms,  which  he 
pictured  to  himself  as  round  grains  like  very  small  shot, 
would  be  of  the  same  siie  in  every  substance,  but  not  of  the 
same  weight.  Hydrogen  atoms  would  be  the  lightest  of 
all,  for  hydrogen  is  the  lightest  substance  known  j  oxygea 
atoms  would  be  16  times,  and  nitrogen  14  times,  as  heavy 
as  those  of  hydrogen. 

Now  when  two  elements  combine  together  they  cannot 
lake  up  less,  according  to  Dalton,  than  one  atom  of  each, 
or  two  atoms  of  one  to  one  of  the  other,  and  so  on,  and 
therefore  exuctly  the  weight  of  an  atom  of  any  substance  will 
always  be  added.  For  example,  to  turn  back  to  our  table 
on  p.  389,  Dalton  would  say  that  a  molecule,  or  the  smallest 
portion  which  can  be  imagined,  of  nitrous  oxide  will  contain 
3  atoms  of  nitrogen  weighing  14  each  to  i  atom  of  oxygea 
weighing  16  ;  while  nitric  acid  will  contain  a  atoms  of  nitro- 
gen =  28,  and  5  atoms  of  oxygen,  5  n  1 6  =  80.  If  half  an 
atom  of  oxygen  could  be  added,  then  it  might  be  possible 
to  take  up  16  +  8,  or  24  parts  of  oxygen  ;  but  as  the  atoDU 
are  supposed  to  be  Indivisible,  this  cannot  be  done,  but  a 


A 


txvii.  DAI.TON'S  ATOMIC  THEORY.  391 

whole  atom  weighing  16  must  be  added  each  time.  There- 
fore you  will  see  that  by  an  atom,  Dalton  meant  the  smaUfst 
quantity  of  any  element  which  can  combine  with  other  sub- 
stances. 

'  Thus,  water  is  made  up  of  molecules,  each  containing 
Iwo  atoms  of  hydrogen  and  one  of  oxygen.  But  as  these 
atoms  cannot  be  seen,  how  can  it  be  known  how  many  there 
are  in  any  substance,  and  when  we  have  arrived  at  the 
smallest  weight  of  any  element  ?  Dalton  knew  it  in  some- 
thing like  the  following  way : — 

If  you  decompose  water  by  electricity,  you  know  that 
you  will  collect  two  bottles  of  hydrogen  for  one  of  oxygen. 
But  you  can  also  decompose  it  another  way :  if  you  take  a 
^moll  piece  of  the  metal  sodium  and  float  it  on  water,  it  will 
roll  round  and  round  fizzing  violently.  This  is  because 
sodium  joins  very  readily  to  oxygen,  and  the  sodium  is 
turning  out  some  of  the  hydrogen  from  the  water  and  taking 
its  place.  When  the  piece  of  sodium  has  dlsapjieared,  if 
you  evaporate  off  the  rest  of  the  water,  you  will  have  a  white 
powder,  which  is  caustic  soda ;  and  if  you  decompose  this 
soda,  you  will  get  out  of  it  one  measure  of  hydrogen,  one 
of  oitygen,  and  one  of  sodium.  The  sodium,  you  obseiTe, 
has  turned  exactly  half  the  hydrogen  out  of  the  water  and 
taken  its  place ;  and  this  shows  there  must  have  been  two 
atoms  of  hydrogen  in  the  water,  because  a  single  atom 
could  not  have  been  divided. 

In  the  soda  we  have  now  got  the  smallest  quantity  of 
each  clement — sodium,  oxj'gcn,  and  hydrogen — which  will 
combine  with  any  other.  You  can  turn  either  of  these 
three  out  of  the  soda,  but  you  cannot  turn  out  a  part  of 
any  one  of  them.  Therefore,  a  molecule  of  soda  is  said  to 
be  made  of  one  atom  of  hydrogen  weighing  i ,  one  atom  of 
I  «(ygcn  weighing   16,  one  atom  of  sodium  weighing  23,  and 
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these  numbers  are  called  the  atomic  wei^ts  of  hydragen, 
oxygen,  and  sodium. 

This  will  give  j-ou  a  rough  idea  of  Dalton's  theory  of 
atoms.  There  is  always  this  difficulty  in  it  that  we  cannot  be 
quite  sure  when  we  have  arrived  at  the  smallest  quantity'of 
any  substance ;  for  supjwse  that  one  day  we  were  10  find 
that  half  as  much  o\>'gt:n  would  unite  with  some  other  sub- 
stance as  now  unites  with  sodium,  then  the  atom  of  oxygen 
would  no  longer  weigh  16.  But  if  we  bear  this  possibility 
in  mind,  then  the  theory  is  of  great  use  in  giving  us  the 
symbols  which  are  now  used  In  chemical  language.  For 
when  it  was  once  agreed  that  the  weight  of  an  atom  of 
hydrogen  should  be  reckoned  as  i,  then  an  atom  of  oxygen 
will  weigh  16,  and  the  letters  HHO  express  a  great  deal 
They  tell  us  that  two  atoms  of  hydrogen  weighing  3  arc 
joined  to  one  atom  of  oxygen  weighing  16,  to  form  a  mole- 
cule of  water.  In  the  same  way  HO, N  A'  tells  us  that  dn^ 
atoms  of  each  of  these  substances,  weighing  respectively,  i, 
16,  23,  form  a  molecule  of  soda.  And  thus  a  complete 
chemical  language  has  sprung  up,  by  which  chemists  in  all 
parts  of  the  world  can  understand  at  once  what  is  the  < 
position  of  any  substance ;  and  by  means  of  these  simple 
letters  the  most  complicated  chemical  problems  can  be 
worked  out  clearly  and  intelligibly, 

Dalton's  theorj'  was  received  very  quickly  by  chemist^i 
considering  how  entirely  new  the  ideas  were  which  it  taught. 
His  friend  Dr.  Thomson,  an  eminent  chemist  (bom  1773, 
died  1853),  gave  a  very  clear  account  of  it  in  his  'System 
of  Chemistry,'  and  brought  it  under  the  notice  of  Davy  and 
Faraday ;  and  a  great  French  chemist,  Gay-Lussac  (bom 
1778,  died  1850),  adopted  it  at  once,  and  added  another 

I  Na  stands  far  Nalrium,  Ihc  I.aiin  name  for  soda,  now  used  for 
I  he  metal  Hidium. 
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discovery  in  favour  of  it  in  1809  —  namely,  that  when 
substances  are  reduced  to  gas,  and  the  gas  is  collected,  it  is 
found  that  the  different  elements  combine  in  equal  or 
multiple  volumes. 

You  will  understand  this  by  turning  back  to  the  com* 
pounds  of  nitrogen  and  oxygen  (p.  389),  where  you  will  see 
that  there  was  always  either  i,  3,  3,  4,  or  s  volumes  of 
oicj^en  collected  for  one  of  nitrogen,  and  never  a  [lart  of  a 
volume.  This  was  really  a  different  fact  from  the  one 
Dalton  pointed  out,  that  the  eleraenls  combine  in  definite 
weights,  and  it  was  necessary  lo  complete  the  law  of  mul- 
tiple protiortions.  In  181  r  a  still  further  step  in  advance 
was  made  by  the  Italian  chemist  Avogadro,  who  showed 
that  equal  volumes  of  gases  or  vapours  under  the  same 
conditions  of  pressure  and  temperature  contain  the  same 
number  of  molecules ;  and  .\mpi;re  brought  forward  the 
same  doctrine  in  1814.  These  discoveries  were  followed 
up  by  Gerhardt,  Berzebus,  Sainte-Claire,  Deville,  and  others, 
and  form  the  foundation  of  the  chemical  theory  of  the 
present  day. 

Liebig  the  Oreat  Toaoher  in  the  Chemistr;  of  Or- 
ganic Compounds. — And  now,  before  closing  the  history 
of  chemistry,  we  must  mention,  in  passing,  one  great 
division  of  the  science  of  which  we  cannot  attempt  to  give 
any  real  account — namely,  the  science  of  organic  dutnislry, 
or  more  properly  the  chemistry  of  organic  compounds. 
This  study  began,  as  you  will  remember,  when  Boerhaave 
first  examined  ihe  juices  of  plants  and  ihe  fluids  in  animal 
bodies.  But  it  can  scarcely  be  said  to  have  made  any  great 
advance  till  the  year  1818,  when  a  German  chemist  named 
Wohler  first  showed  ihat  una,  a  substance  in  the  bodies  of 
animals,  can  be  made  artificially.  Since  then  Berthelot  and 
\  Other  eminent  chemists  who  have  followed  him  have  dis- 


39* 


.VlNF.TEENTff  CENTmy. 


covered  how  to  make  many  compounds  in  the  labonoory 
which  were  before  only  found  in  living  beings, 

But  the  great  inasler  of  organic  chemistry  whose  n: 
you  must  remember,  though  we  can  siieak  but  little  about 
him,  was  Baron  Liebig,  of  Darmstadt,  who  was  bom  i 
1803,  and  died  only  a  few  years  ago.  From  the  days  when 
he  was  a  schoolboy,  Liebig  had  made  up  his  mind  to  be  a 
chemist,  and  through  the  kindness  of  Humboldt  he  was 
fortunate  enough  to  be  introduced  to  Gay-Lussac  and  t 
work  with  him  for  some  years.  In  1824  he  was  made  Pro- 
fessor of  Chemistry  at  Giessen,  where  he  organised  the  first 
great  chemical  laboratory,  and  for  twenty-seven  years  lectured 
to  students  from  all  parts  of  the  world.  In  1S52  he  accepted 
an  invitation  to  Munich,  where  he  remained  for  the  rest  of 
his  life.  He  was  the  first  to  analyse  organic  subsiancet 
satisfactorily,  by  heating  them  in  vessels  with  metallic  oxides, 
thus  reducing  them  to  carbon  and  their  other  elements ; 
and  to  show  by  experiments  which  he  made  with  Wohlcr, 
that  there  is  chemically  no  sharp  line  of  separation  between 
organic  and  inorganic  matter,  for  that,  however  complicated 
the  components  of  organic  substances  may  be,  they  are 
subject  to  the  same  chemical  laws  as  the  simpler  components 
of  inorganic  matter.  He  is,  however,  perhaps  best  known 
for  his  great  discoveries  in  agricultural  chemistry.  This 
subject,  which  was  first  treated  by  Sir  H.  Davy,  teaches  how 
the  growth  of  plants  depends  upon  the  chemical  state  of  the 
soil  in  which  they  are  sown,  how  different  crops  should  bt 
sown  in  succession  in  any  field  so  as  not  to  exhaust  the  soil ; 
and  what  manure  will  best  give  back  to  the  ground  the 
elements  which  the  plants  have  taken  out  of  it.  Liebig  also 
traced  out  the  changes  which  food  undergoes  in  our  bodies, 
and  studied  which  kinds  turn  to  fat,  muscle,  blood,  or  sugar 
in  our  system.      In  1832  he  also  discovered  chloroform  and 
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chlorale,  though  these  were  not  used  for  producing  uncon- 
sciousness till  more  than  fifteen  years  later  by  Dr.  Simpson. 
The  whole  history  of  organic  chemistry,  however,  is  far 
beyond  us  at  present ;  the  science  has  only  existed  for  the 
last  fifty  years,  and  the  chemical  substances  which  are 
created  in  a  living  body  are  extremely  complicated,  making 
the  whole  subject  very  difficult  to  understand.  Moreover, 
we  do  not  pretend  to  follow  out  the  particulars  of  any 
science ;  if  you  can  remember  the  names  of  some  of  the 
great  pioneers  of  chemistry  from  the  time  of  Geber  in  the 
ninth  century  up  to  the  days  of  Davy,  Faraday,  and  Liebig, 
and  have  some  slight  understanding  of  the  nature  of  the 
work  they  did,  you  will  have  obtained  no  slight  foundation 
for  future  work,  and  this  is  all  we  can  attempt  in  a  book  of 
this  kind. 


ChUf  Works  eonsulted,-^Vizsy\  *  Works,'  1840;  Whewell's  *  In- 
ductive Sciences;'  Dalton's  *  Chemical  Philosophy,'  1808  ;  Dr.  Henry's 
'Memoir  of  Dalton,'  1854;  Fownes's  'Chemistry;'  Brande's  *  Che- 
mistry ;*  Faraday's  *  Various  Forces  of  Nature ;'  *  Edinburgh  Review/ 
Tol.  xdv.  •Modem  Chemistry;'  Hoffmann,  'On  Liebig  and  Fara- 
day ;'  Liebig's  Scientific  Attainments,  •  Contemporary  Review,'  April 

1877. 
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CHAPTER    XXXVIII, 

SCIENCE   OF   THE   NINETEENTH   CENTURY   (CONTINUED). 

Jussieu  on  NatuniJ  System  of  Plants— Sprengel  on  Insect  Fertilitalioii 
—Robert  Brown— Goethe  on  Metamorphosis  of  Plants. 

The  short  sketch  of  advances  in  modem  chemistry  given  in 
the  last  chapter  brings  us  to  the  end  of  the  physical  sciences, 
or  those  which  deal  more  particularly  with  the  properties  of 
inorganic  substances,  and  the  laws  of  their  action  upon  each 
other.  We  must  now  pass  on  to  those  sciences  which  trot 
of  the  past  and  present  history  of  the  globe,  and  the  living 
beings  which  inhabit  it  I  shall  not  attempt  to  speak  o( 
these  sciences  separately,  for  it  is  clearly  impossible  without 
a  great  deal  of  special  knowledge  to  follow  the  modem  difr 
coveries  in  physiology,  anatomy,  medicine,  zoology,  botanji 
and  geology. 

All  these  sciences  had  advanced  rapidly  since  the  time 
of  Haller  and  Hunter,  Linnieus  and  BuRbn.  Famous 
anatomists  and  physiologists  such  as  the  two  Monros,  father 
and  son,  in  England,  Bichat  {1771-1801)  in  France, 
CamiJcr  (172  2-1 789)  and  Blumenbach  (1752-1840)  in 
many,  had  been  carrying  on  the  study  of  the  comparative 
structure  of  men  and  animals,  and  training  up  students  to 
understand,  far  more  completely  than  before,  the  fiinctioni 
of  living  beings.  The  followers  of  Linnteus,  also,  all  over 
the  world  had  been  collecting  and  sending  home  for  com- 
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paiison  rare  plants  and  animals  formerly  unknown,  whicSi 
were  eagerly  studied  for  the  new  light  they  threw  upon  those 
which  had  been  already  dissected  and  described. 

And  so  it  came  to  pass  that  towards  the  end  of  the 
eighteenth  century,  men  became  eager  not  merely  to  examine 
separate  specimens  or  structures,  but  to  form  theories  about 
the  living  beings  on  the  globe.  They  began  to  inquire  why 
some  animals  should  be  so  much  alike  in  their  general  plan, 
and  yet  so  different  in  their  special  characters ;  why  the 
same  part  of  the  body  should  be  made  to  serve  for  different 
purposes  in  different  animals,  instead  of  a  special  organ  being 
provided  ;  a.s,  for  example,  the  wing  of  the  bat,  which  answers 
exactly  to  the  front  leg  of  a  mouse,  but  is  altered  so  as  to 
be  used  for  flying  instead  of  walking.  Then  again,  as  the 
distribution  of  animals  became  better  known,  the  question 
arose  why  certain  kinds,  such  as  kangaroos,  should  be  found 
only  in  Australia,  while  they  are  wanting  in  all  other  parts 
of  the  world.  Such  general  questions  as  these  began  to 
occupy  the  minds  of  naturalists,  and  we  cannot  close  a 
history  of  science  without  trying  to  understand  something 
of  the  attempts  made  to  answer  them. 

natural  System  of  Plants— Bernard  and  Antolne  de 
Jiuaieu. — Even  while  Linnjeus  was  living,  another  botanist, 
Bernard  de  Jussieu  (1699-1767),  had  begun  to  carry  out 
his  suggestion  that  plants  should  be  classed  by  the  agreement 
of  all  their  observable  characters,  and  not  merely  artificially 
by  the  number  of  their  stamens.  But  Bernard  did  not  pub- 
lish his  catalogue,  and  it  was  his  nephew  Anioine  de  Jussieu 
(1748-1836)  who  first  published  a  book  in  which  the  plants 
were  arranged  according  to  the  Natural  System.  Il  was 
Antoine  who  first  sketched  out  roughly  the  characters  of 
'  Fanulies  or  Natural  Orders '  as  we  have  them  now.  He 
100  families  from  the  plants  then  known,  and  though 
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many  more  have  been  added  since,  yet  a.  large  number  of 
those  which  he  worked  out  have  been  permanently  adopted. 
The  Natural  System  obliges  botanists  to  take  into  account 
every  part  of  a  plant  before  placing  it  into  a  family  or  order, 
and  as  it  is  often  very  diffictjlt  to  determine  which  are  the 
characters  of  most  importance,  there  is  a  good  deal  of 
difference  between  the  arrangements  adopted  by  one  botanist 
or  by  another.  But  though  this  is  tiresome  to  pupils,  it  has 
been  very  useful  in  science,  for  it  has  served  to  bring  out 
most  clearly  the  way  in  which  plants  are  related  to  each  other, 
and  the  fact  that  in  Nature  there  are  not  sharp  distinctions 
between  different  kinds  of  plants,  but  that  a  particular  specie! 
may  be  very  closely  allied  in  some  of  its  characters  to  one 
family  and  in  others  to  another,  so  that  it  is  perhaps  hardly 
too  much  to  say  that  our  great  advance  in  botany  in  the 
present  century  has  arisen  from  two  things — (i)  from  llw 
attempt  to  classify  plants  according  to  their  natural  affinities; 
and  (i)  from  discoveries  made  with  the  microscope,  begun, 
as  we  saw,  p.  136,  by  Grew  and  Malpighi  in  the  seventeenth 
century,  and  carried  to  perfection  in  our  day. 

The  great  Swiss  botanist  Auguste  P>Tame  de  Candolle 
(1778-1841)  did  a  great  deal  to  spread  the  Natural 
System  by  adopting  it  in  his  works,  and  also  by  modifyir^ 
it  in  many  ways ;  and  still  further  improvements  have  been 
made  by  the  great  Scotch  botanist  Robert  Brown  (1773- 
1858),  and  by  Endlicher  (1804-1S49),  and  Lindley  (i79!>- 
1865}. 

Goethe's  Theory  of  the  Hetamorphosis  or  Tr&n^ 
formation  of  Planta,  1799 — We  have  said  that  the  study 
of  the  Natural  System  led  botanists  to  observe  more  care- 
fully the  nature  of  plants  and  the  manner  in  which  thejf 
grow.  One  of  the  first  men  who  threw  any  light  upon  the , 
history  of  the  growth  of  plants  was  the  poet  ( ".oethe.     Goethe 
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had  a  deep  love  of  Nature,  as  may  be  seen  in  many  of  his 
beautiful  minor  poems,  and  this  love  led  him  in  the  year 
1 780  to  devote  himself  to  the  study  of  the  anatomy  of  plants 
and  aaimals. 

When  he  turned  his  attention  to  botany  he  was  very 
much  struck  with  the  power  which  plants  have  of  trans- 
forming  or  changing  the  growth  of  their  parts.  For  examplci 
the  common  wild  rose  in  the  hedges  has  a  crown  of  pink 
petals,  with  stamens  and  carpels  in  the  centre  ;  but  the  garden 
rose,  which  is  nothing  more  than  the  wild  rose  grown  in  a 
Ixftter  soil,  has  lost  the  stamens  and  pistils,  or  rather  has 
changed  them  into  flower-leaves,  so  that  the  whole  flower  is 
one  mass  of  petals,  and  rarely  forms  any  seeds. 

Il  is  clear,  therefore,  said  Goethe,  that  the  stamens  and 
pistil  of  a  plant  are  nothing  more  nor  less  than  flower-leaves 
transformed  into  a  peculiar  shape,  so  that  they  serve  to  form 
seeds,  and  to  carry  on  the  life  of  the  plant.  And  this  is 
true  of  all  the  different  parts  of  the  plants.  Wherever  you 
look  in  the  vegetable  kingdom,  you  will  find  that  every  part 
of  a  plant  is  nothing  more  than  stem  or  leaves  altered  in 
various  ways  to  suit  the  work  they  have  to  do.  Thus  the 
stem  of  a  geranium,  the  trunk  of  a  tree,  the  twining  stalk 
of  the  vine,  the  straw  of  wheat,  the  runners  of  3  straw- 
berry, and  the  fleshy  potato,  are  all  only  different  forms 
of  stems  and  branches.  Again,  the  two  cotyledons  of  a  seed 
which  are  well  seen  in  the  halves  of  a  bean  are  but  the 
first  pair  of  leaves.  From  between  them  grows  the  stem, 
and  out  of  this  leaves  of  different  forms,  according  to  the 
peculiar  species  of  plant. 

Then,  as  the  plant  develops,  come  the  buds  of  the  flower, 

t  these  again  are  stems  and  leaves  growing  more  thickly 

ether,  but  altered  and  adapted  to  new  functions.     We 

lad  in  different  plants  every  variety  of  flower  from  mere 
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green  leaf-like  blossoms  to  the  most  gorgeous  colours.  The 
green  leaves  called  sepals,  which  lie  under  the  yellow  petal* 
in  the  buttercup,  are  transformed  into  brilliantly  coloured 
petals  in  the  tulip,  while  in  some  cases,  such  as  occasionally 
in  white  clover,  the  whole  flower,  sepals,  petals,  pistil  and 
stamens,  has  been  known  to  be  changed  into  little  leaflet! 
growing  as  if  upon  a  branch. 

For  this  reason  gardeners  find  it  possible  to  cultivate  « 
plant  so  thai  it  shall  be  all  leaves  and  no  flower,  or,  on  die 
other  hand,  shall  have  a  gorgeous  flower  while  the  leavM 
remain  small  and  Insignificant.  And  thus  we  are  led  to 
that  all  the  diflferent  parts  of  a  plant  arc  only  peculiar  trans- 
formations of  simple  stems  and  leaves. 

This  beautiful  truth  of  the  transformation  or  metamor- 
phosis of  plants  we  owe  to  the  poet  Goethe  :  for  thou^ 
LinnKus  suggested  it  rather  vaguely  in  some  of  his  writings, 
and  a  botanist  named  Wolfl'  seems  also  to  have  taught  it  in 
1766,  yet  it  was  Goethe's  essay  on  the  '  Metamorphosis  of 
Plants,' published  in  1790,  which  first  led  naturalists  to 
consider  the  question.  Goethe's  work  was  very  little  rwd 
at  flrst,  and  he  had  great  difficulty  in  finding  a  publisher  for 
it,  for  it  was  thought  that  a  ]>ocl  could  not  know  much  of 
science;  but  Augusle  de  Candolle  seeing  what  a  new  light 
Goethe's  theory  threw  u[>on  the  study  of  plants,  taught  it  IB 
his  works,  and  then  it  became  gradually  known  as  one  of 
the  greatest  discoveries  in  modern  botany. 

FertilisatioD  of  Plants  by  Insects— Oonnul  Sprencalt 
1750-1816. — .\runlier  equally  important  fact  was  esUbli^ied 
at  this  time  by  the  German  botanist  Sprengel.  who  was  ibe 
first  to  notice  the  wonderful  connection  between  plants 
insects,  which  Darwin,  Hermann  Miiller,  and  others  ht*B 
worked  out  so  minutel)'. 

Christian  Conrad  Sprengel  was  Head-Master  at  Spandaa 
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in  Brandenburg,  but  he  became  so  wrapt  up  in  his  botanic;il 
studies  that  he  was  obliged  to  give  up  his  oftice,  and  he 
lived  in  great  poverty  at  Berhn,  teaching  languages  and 
botany.  He  was  so  poor  that  he  was  not  able  to  publish 
the  second  volume  of  his  famous  work  on  botany,  and  the 
publisher  had  not  even  given  him  a  copy  of  the  first  volume 
for  his  own  use,  Sprengel  tells  us  that  in  the  summer  of 
1767  he  noticed  that  in  the  flower  of  the  Geratiium  sylvati- 
(ttm  the  fine  Utile  glands  containing  honey  at  the  base  of 
the  petals  are  protected  by  thick  bairs,  so  that  the  rain  and 
dew  cannot  reach  them,  just  as  our  eyes  are  protected  by 
our  eyebrows  and  eyelashes  from  drops  of  perspiration  creep- 
ing down  the  face ;  at  the  same  time  he  observed  that 
insects  had  no  difficulty  in  passing  through  the  bairs  and 
sucking  out  the  honey. 

Again,  he  found  that  in  the  forget-me-not,  the  tine  of  little 
spots  in  the  corolla  points  directly  to  the  place  where  the 
insects  must  go  to  get  the  nectar  at  the  base  of  the  (lower. 
This  proved,  he  thought,  that  there  are  special  provisions  in 
Rowers  to  keep  the  honey  for  the  insects,  and  to  guide  them 
to  it  So  far  the  flower  was  of  use  to  the  insect ;  the  next 
point  he  discovered  was  that  the  insect  in  its  turn  benefits 
the  flower.  He  observed  that  the  Willmv  Epilohium,  or 
Rose-bay,  though  it  has  its  stamens  and  its  seed-vessel  both 
in  one  flower,  cannot  use  the  pollen  from  the  stamens  to 
fertilise  the  ovules  in  the  seed-vessel,  because  the  stamens 
have  withered  away  and  their  pollen  is  gone,  before  the 
stigma  or  top  of  the  seed-vessel  is  sticky  and  ready  to 
receive  it.  How  then  do  the  seeds  become  fertilised  ? 
Sprengel  watched  carefully,  and  found  that  insects,  in  flying 
from  flower  to  flower,  brought  the  pollen-dust  clinging  to 
them  from  younger  flowers  in  which  the  stamens  were  just 
ripe,  and  left  it  in  the  older  flowers  where  the  stigma  was 
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ready  to  receive  it.  He  afterwards  found  that  in  the  cypress- 
spurge  exactly  the  opposite  takes  place.  In  this  plant  the 
stigma  is  ready  first,  and  the  insects  bring  pollen  from  older 
flowers,  and  the  seeds  form  in  the  young  flower  before  its 
own  stamens  aie  ripe. 

From  these  facts  Sprengei  came  to  the  conclusion  that  it. 
is  an  advantage  to  a  flower  to  use  otiier  pollen  than  its  i 
and  that  the  colours  and  shape  of  the  flowers,  and  the  honey, 
they  secrete,  are  all  adapted  to  attract  the  visits  of  insecGli 
for  this  purpose.  He  also  pointed  out  that  flowers  which; 
are  not  visited  by  insects  are  generally  very  iusigniticant,  but 
that  they  have  large  quantities  of  pollen-dust,  so  that  it  n 
be  carried  by  the  wind. 

Sprengei  looked  upon  all  these  adaptations  as  produced 
at  the  creation  of  the  plant  or  insect  in  order  to  secure  that, 
they  should  be  useful  to  each  other.  But,  as  we  shall  e 
in  Chapter  XLH.,  there  is  now  every  reason  to  believe  tl 
they  have  been  gradually  perfected,  by  the  flower  adapting 
itself  to  the  visits  of  some  particular  insect  which  can  pej* 
form  for  it  the  work  it  needs. 

Structural  and  FhyBiologioal  Botany  —  Boberk 
Brown,  1773-1858.— The  beautiful  study  of  the  relation 
between  insects  and  flowers  is  more  easy  to  understand,  buti 
certainly  not  more  important,  than  the  investigations  into  th« 
structure  and  life  of  plants  which  have  been  carried  on  in 
the  present  century.  Ever  since  the  time  of  Malpighi  anct 
Hrew  the  improvement  of  microscopes  and  the  examinatioD 
of  minute  parts  of  plants  had  been  progressing ;  and  Mirbd 
(1776-1854)  in  France,  and  Moldcnhauer  (1766-1817) 
in  Germany,  together  with  many  others,  had  greatly  added' 
to  our  knowledge  of  the  structure  of  the  cells  and. 
tissues  of  plants,  the  growth  of  stems,  and  the  formaiioD  a£ 
seeds.     Grew  had  already  pointed  out  m  1673  that  the  OlUK 
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coat  of  seeds  has  a  little  hole  in  it  which  he  thought  was  for 
the  purpose  of  letting  the  roots  of  the  young  plant  grow  out ; 
and  Mirbel  in  1815  showed  that  when  a  young  ovule,  such 
as  you  will  find  in  the  ovary  of  a  flower  bud,  begins  to  grow 
it  appears  first  as  a  little  swelling  made  up  of  cells  called 
the  nucleus,  growing  on  a  short  stalk,  and  that  round  this 
usually  two  coats  gradually  grow,  one  outside  the  other,  while 
ndther  of  them  close  quite  round  the  nucleus  but  leave  the 
opening  which  Grew  had  observed,  and  which  had  already 
been  called  the  mUropyle,  "or  little  gate."  It  is,  how- 
ever, to  the  Scotch  botanist,  Robert  Brown,  that  we  owe 
the  first  complete  explanation  of  the  use  of  these  different 

Robert  Brown  was  the  son  of  a  minister 
and  his  first  great  step  in  botany  was  made 
when  he  went  with  Captain    FUnders'  ex- 
pedition to  Australia  in    iSor,  and  spent 
five  months  there,  bringing  back  with  him 
4000  new  species.     He  then  became  con-    . 
iervator  to  Sir  J.  Banks'  museum  ;  and  after 
thedeath  of  that  eminent  botanist  heremoved 
with  the  collection  to  the  British  Museum, 
where  he  received  ^35°  ^year,  and  a  pen- 
sion oi £,2oa  granted  by  Sir  Robert  Peel  at 
Humboldt's  request.  A  whole  volume  might     „  . 
be  written  of  the  additions  which  he  made    ingorKed-TeuEL:  >, 
to  botanical  knowledge,  but  we  must  confine    t  p^jij, .  ^  "JJj' 
otiTselves  here  to  his  work  on  seeds.  mpyit:  rf,  G^lin(^f 

He  established  beyond  a  doubt  that  the    ^  ™  " 
funitif,  or  little  stalk/.  Fig.  7  2,  by  which  the  osTile  is  attached 
to  the  ovary,  is  the  channel  through  which  it  lakes  in  its 
nourishment ;  and  that  the  tnkroPyle,  w,  is  the  place  through 
which  the  pollen  tube  reaches  the  young  ovule  and  forms  a 
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fertile  seed.  He  pointed  out  that  inside  the  nucleus  of  the 
ovule  is  a  bag  or  embrya-sae,  t,  which  has  been  fonned  out  of 
one  of  the  cells,  and  that  when  the  pollen-dust  d  falls  on  the 
stigma  of  the  pistil,  it  sends  down  a  tube  which  creeps  through 
the  micropyle,  and  laying  its  extremity  upon  the  embiyo-sac 
causes  the  young  plant  to  foim  in  it.  He  also  noticed  that 
the  root  of  the  plantlet  is  always  turned  towards  the  micio- 
pyle,  while  the  shoot  or  plumule  is  turned  towards  the  Amide. 
It  is  easy  to  see  this  shoot  by  simply  removing  the  brown 
seed-skin  of  an  almond,  and  splitting  it  in  half.  The  two 
halves  are  the  two  cotyledons  or  seed-leaves  with  the  little 
bud  or  plumule  lying  concealed  between  them,  the  thickened 
end  of  it  being  the  rootlet  or  radicle. 

Robert  Brown  showed  that  we  may  leam  a  great  deal 


about  the  relationship  of  plants  by  studying  the  way  in  which 
the  embrj'O  is  placed.  Nos.  i,  a,  3,  Fig.  73,  give  three 
seeds,  the  nettle-seed,  the  almond-seed,  and  the  hemp-seed. 
In  the  netlie-seed  tVe  totorjo  w  vi^fR^t,  and  the  nucroR^le 
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is  at  the  opposite  end  to  the  hilura,  or  place  where  the  seed 
breaks  off  from  the  fonicle.  In  the  almond-seed,  on  the 
conttaty,  the  embrj-o  is  turned  upside  down,  or  inverted; 
the  micropyle  is  close  to  the  hilum,  while  the  funicle  passes 
right  round  to  the  other  end,  carrying  the  nourishment,  as 
before,  opposite  to  the  tip  of  the  plumule.  Lastly,  the 
embryo  in  the  hemp-seed  is  neither  upright  nor  inverted, 
but  curUd  round  so  that  the  micropyle  and  the  funicle  are 
both  close  together ;  and  yet  the  rule  is  still  observed,  thai 
the  root  should  point  to  the  micropyle  and  the  plumule  to 
the  funicle-  The  study  of  the  structure  and  position  of  the 
ovule  are  now  of  great  use  in  classifying  plants. 

Protoplasm  —  Hugo  von  Mohl,  1806-1872.  —  The 
microscope  had  now  revealed  the  history  of  some  of  the 
most  delicate  structures  of  plants,  but  one  question  remained 
unanswered,  namely.  What  is  the  living  active  matter  which 
forms  the  cells,  the  tissues,  and  the  fibres  ?  The  answer  to 
this  question  was  found  in  the  year  1S53  by  the  German 
botanist,  Hugo  von  Mohl,  when  he  showed  that  the  young 
celb  of  plants  are  filled  with  a  thick  semi-fluid  substance 
full  of  innumerable  white  granules  and  that,  as  the  cell 
expands,  these  granules  flow  in  streams  from  the  centre  10 
the  circumference  of  the  cell  in  never-ceasing  activity. 

We  find  this  semi-fluid  living  matter  equally  in  the 
embr^-o-sac  of  the  young  ovule  and  in  all  the  cells  of  a  )'Oung 
plant ;  and  from  it  is  formed  that  inert  or  dead  matter  which 
composes  the  cell  wall ;  and,  because  it  is  the  simplest  form 
of  vitality  known  to  us,  and  out  of  it  all  the  life  of  the  plani 
springs,  Von  Mohl  called  it  Protoplasm,  or  ^z  first  formative 
material. 

Chemists  have  now  shown  that  this  living  active  pro- 
toplasm is  composed  chiefly  of  the  four  elements — hydrogen, 
'oxvgcn,  nitrogen,  and  carbon,  and  plants  have  the  power  of 
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manufacturing  it  out  of  the  non-living  matter  in  the  air  and 
soil  in  which  they  grow.  What  this  power  is  we  do  not  know, 
and  though  the  life  in  our  own  bodies  and  in  that  of  all 
animals  is  supported  by  this  same  kind  of  living  matter  we 
cannot  manufacture  it ;  we,  and  all  the  animals  can  only 
obtain  it  by  feeding  on  plants,  or  on  other  animals  which  are 
vegetable-feeders,  and  which  therefore  have  had  their  food 
prepared  for  them. 

(Jeographioal  and  Eoonomie  Botany  — Sir  W. 
Hooker,  1786-1866.  —  Thus,  by  means  of  microscopic 
botany  our  knowledge  of  the  life  of  plants  has  been  increased 
enormously  in  the  present  century ;  but  it  would  not  be  fair 
to  close  this  subject  without  speaking  of  the  equally  great 
advances  in  the  study  of  the  distribution  of  plants  over  the 
globe,  and  of  their  use  to  man.  As  far  as  England  is  con- 
cerned we  owe  much  on  this  account  to  Sir  William  Hooker 
( 1 785-1865),  who  spent  his  life  and  a  large  part  of  his 
private  fortune  in  encouraging  the  collection  of  plants  all 
over  the  world,  and  in  founding  the  Museums  and  Her- 
barium of  Kew  Gardens.  He  also  exerted  his  influence 
largely  in  persuading  the  Government,  both  here  and  in  the 
Colonies,  to  publish  the  Floras  of  the  different  districts,  so 
that  we  now  have  a  fairly  accurate  account  of  the  plants  of 
all  the  English  possessions,  and  of  the  special  homes  or 
habits  of  different  species,  and  this  work  has  been  carried 
on  most  effectively  by  his  son,  the  present  Sir  Joseph 
Hooker. 

Any  botanist  who  now  wishes  to  study  the  history  of 
plants  has  means  placed  at  his  disposal,  for  which  Gesner, 
Grew,  Malpighi,  and  Linnaeus  longed  in  vain,  and  new 
observations  are  being  added  daily  which  should  tempt  all 
young  minds  to  learn  something  of  a  science  at  once  so 
beautiful  and  so  2LCC^?>?>\b\fc  \o  every  one  who  cares  to  turn 
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his  attention  to  it ;  and  it  is  to  be  hoped  that  these  facilities 
will  lead  to  a  much  more  general  knowledge  than  exists  at 
present,  both  as  to  the  use  of  plants  in  our  daily  life,  and  of 
their  wonderful  beauty. 


Chief  W<frks  consulted, — Goethe's  *  CEuvres  Scientifiques  ;*  Faivre  ; 
Asa  Gra]r's  *  Botany  ;*  *  Sachs  Geschichte  der  Botanik;*  Robert  Brown's 
Works ;  Proc.  Linnaean  Soc.  Obituary  of  Robert  Brown ;  Vou  Mohl 
in  Wagner's  *  Handworterbuch  der  Phjrsiologie :'  Huxle/s  *  Physical 
Basis  of  Ufe.' 
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CHAPTER   XXXIX. 

SCIENCE  OF  THE  NINETEENTH  CENTltRV  (CONTINUED). 

Humboldt  — Lamnrck—Cuvicr—Geoffroj'  Si. -Hilaire— Comparative 
Anntomy  —  Devclopmenl  of  Animals —  '  Homolog)'"  —  Curici* 
'  Regne  Animal ' ;  His  Restoration  of  Fossil  Animals — Von  B»et 
on  the  study  of  Embryology. 

Alexander  von  Humboldt  studies  the  Iilnee  of  Sqaal 
Hsat  over  the  Olobe— Founds  the  Study  of  Physical 
Geography— Writea  the  'Cobuiob,'  1793-18S8. — While 
Goethe  wns  studjing  plants  at  Weimar,  and  learning  the 
secrets  of  Nature  in  the  qtiiel  of  his  own  home,  another  man 
of  whom  we  mi:st  now  speak  was  planning  lo  travel  in 
distant  countries,  and  to  write  a  histor)',  as  far  as  he  was  able, 
of  the  work  which  Nature  is  doing  all  over  the  world. 

Alexander  von  Humboldt,  who  forms  a  link  between  the 
science  of  the  eighteenth  and  the  nineteenth  centuries,  was 
Ijom  at  Berlin  in  1769,  and  was  educated  (together  with 
his  brother  William,  the  great  philosopher  and  politician)  at 
the  University  of  Gotlingen,  At  the  age  of  one -and -twenty 
he  went  to  Freyberg,  where  he  was  a  pupil  of  Werner,  It 
was  at  this  lime,  when  he  was  only  just  of  age,  that  he 
formed  the  plan  in  his  mind  of  spending  his  life  in  studying 
the  works  of  Nature,  and  writing  a  '  grand  and  general  view 
of  the  Universe.' 

The  first  sketch  of  his  book,  which  he  called  '  Cosinos,* 
or  'The  Universe,'  was  written  in  1793,  when  he  was  only 
Iwenty-four;  and  the  last  sheets  were  printed  in  1859,  when 
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he  was  ninety  years  of  age.  In  the  sixty-six  years  between 
these  two  dates  he  collected  and  published  in  popular 
language  an  immense  number  of  facts  about  nature  in  all 
parts  of  the  world. 

His  chief  voyage  was  to  America  in  1799,  when  he  spent 
six  years  in  Mexico,  and  along  the  shores  of  the  Orinoco  in 
the  Andes.  Here  he  began  one  of  his  greatest  undertakings, 
namely  finding  out  the  climate  of  different  parts  of  the 
world,  and  tracing  out  isothermal  lines,  or  lines  of  equal 
heat  over  the  globe,  showing  what  countries  have  the  same 
average  temperature,  and  explaining  why  some  enjoy  an 
altnost  equable  climate  all  the  year  round,  while  others  are 
very  hot  in  summer  and  cold  in  winter.  For  example,  he 
pointed  out  that  Greenland  is  much  colder  than  Lapland, 
even  in  places  which  are  on  the  same  line  of  latitude, 
because  a  cold  current  from  the  North  Pole  flows  past 
Greenland,  while  the  warm  Gulf  Stream  crosses  over  from 
the  Gulf  of  Mexico  and  washes  the  shores  of  Lapland.  The 
importance  of  this  study  of  variations  of  temperature  was 
first  pointed  out  by  Humboldt,  and  it  should  be  remembered 
as  one  of  his  most  original  investigations. 

Again,  in  his  long  journeys  through  South  America,  he 
traced  everywhere  the  different  species  of  plants  which 
grew  at  various  heights,  even  up  to  20,000  feet  on  the  slopes 
of  the  Andes.  This  led  him  to  try  and  find  the  reasons 
why  certain  plants  are  only  to  be  found  in  certain  areas,  in 
the  same  way  that  Buflbn  had  worked  out  the  distribution  of 
animals.  When  he  returned  to  Paris  in  1 804  he  had  col- 
lected an  immense  number  of  facts  as  lo  the  heights  of 
mountains,  the  climate  of  countries,  the  minerals  and  metals 
found  in  them,  the  active  and  extinct  volcanoes,  the  nature 
r  the  rocks  and  soils,  the  vegetation  and  the  animals ;  and 

I  the  help  of  the  best  scientific  men  in   Paris  (each 
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undertaking  his  own  special  science)  he  published  twenty- 
eight  large  volumes,  which  contained  the  conclusions  based 
upon  the  facts  he  had  learnt  in  his  travels. 

In  1827  he  returned  to  Berlin,  and  was  then  invited  by 
the  Emperor  of  Russia  to  go  on  a  journey  into  the  Russian 
provinces  of  Asia,  where  he  spent  nine  months  making  the 
same  kind  of  observations  that  he  had  made  in  America. 
In  183a  he  was  sent  to  Paris  as  Prussian  ambassador,  and 
it  was  not  till  he  returned  to  Berlin  some  years  after,  that 
he  began  to  publish  the  '  Cosmos '  he  had  been  preparisj 
for  so  long. 

In  this  grand  work  he  gives  a  complete  history  of 
astronomy,  and  all  the  discoveries  in  it  made  in  his  li 
and  then  taking  our  own  world  as  part  of  the  univi 
he  describes  the  changes  which  are  going  on  now,  or  have 
been  going  on  in  past  times,  on  the  face  of  the  earth. 
It  is  to  Humboldt  that  we  owe  much  which  makes  geo- 
graphy interesting.  The  study  of  the  surface  of  the  globe, 
of  mountain -chains,  table-lands,  and  rivers,  the  climates  ef 
countries,  the  different  winds  which  blow,  and  the  cxuthiB 
which  cross  the  ocean :  the  way  in  which  plants  and  aitt 
mals  are  distributed  over  the  world  ;  the  different  races  of 
men,  and  how  they  have  spread  over  the  globe— all  these 
and  other  facts  which  make  geography  something  more  thin 
a  mere  list  of  names,  Humboldt  studied  during  his  varion 
journeys,  and  related  them  with  a  freshness  which  had 
peculiar  charm. 

It  was  not  so  much  that  he  advanced  any  one 
of  science,  as  that  he  led  men  to  look  upon  the  earth  and 
universe  a.s  one  vast  whole,  and  to  find  a  living  ititcrest  M 
every  part  of  it.      In  1858  the  last  sheets  of  the  '  Cosmoc' 
were  put  into  the  publisher's  hands,  but  Humboldt  did  lu 
live  to  see  them  finished.     He  had  done  his  part :  the  wot 
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[  proposed  to  himself  was  completed,  and  he  fell 
icefully  asleep  on  the  6th  of  May  1859. 
Lamarck— Cuvior—St-Hilftire. —  When  Humboldt 
i-isited  Paris  in  1804,  there  were  three  men  holding  pro- 
fessorships in  the  Museum  of  Natural  History  in  that  city, 
who  had  afterwards  a  great  influence  uiton  the  study  of  the 
science  of  living  beings.  These  three  men  were  Ijimarck, 
professor  of  ^oolog)' ;  Gcoffroy  SL-Hilaire,  his  fellow-pro- 
fessor ;  and  Cuvier,  assistant  -  professor  of  comparative 
anatomy. 

The  early  part  of  the  nineteenth  century  was,  as  you 
will  remember,  a  very  troubled  lime  for  France.  The  first 
Napoleon  was  carrying  war  and  desolation  all  over  Europe, 
and  Paris  was  kept  in  a  constant  state  of  turmoil  for  many 
During  all  this  time  it  is _  interesting  to  see  how 
lily  and  quietly  the  three  men  I  have  mentioned  pur- 
[  their  search  after  knowledge.  Geofl^roy  St.-Hilaire 
e  risked  his  life  in  saving  friends  from  the  terrors  of  the 
olution ;  and  Cuvier  hold  political  appointments  both 
ider  Napoleon  and  under  Louis  Philippe  ;  but  in  spite  of 
duties  and  interruptions  their  scientific  work  was 
itglected ;  and  a  great  part  of  the  knowledge  about 
plants  and  animals  which  we  now  possess  wa.s  accumulated 
during  the  troublous  times  of  the  French  revolutions. 

Jean  Haptiste  de  Monet,  Chevalier  de  Lamarck,  the 
elder  of  these  three  men,  was  bom  in  1744  at  Beiantin,  in 
Picardy,  and  a  somewhat  curious  circumstance  led  him  to 
devote  his  life  to  science.  His  father  intended  him  for  the 
church,  but  the  kd  had  a  passion  for  the  army,  and  on  his 
father's  death,  in  1760,  set  oft  to  Germany,  where  the  French 
were  then  lighting,  and  soon  distinguished  himself  as  a  volun- 
teer. Some  time  afterwards,  however,  one  of  his  comrades 
lifted  him  up  by  his  head  in  joke,  and  so  strained  the  glands 
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of  the  neck  that  after  a  very  severe  illness  he  was  obliged  to 
give  up  his  profession  and  become  a  banker's  clerk  in  Paris. 
He  had  thus  time  and  opportunity  to  study  natural  science, 
for  which  he  had  always  had  a  great  Uking,  and  in  1778  he 
published  a  small  book  on  botany.  Buffon,  who  was  then 
at  the  height  of  his  fame,  waji  pleased  with  this  work,  and 
lirocured  for  Lamarck  an  appointment  in  the  botanical  de- 
partment of  the  Acad^mie  des  Sciences.  From  thence  he 
went  to  the  Jardin  des  Plantes,  and  eventually  became  pro- 
fessor of  geology  in  the  Musi*e  d'Histoire  Naturelle. 

George  Leopold  Cuvier,  afterwards  made  baron  Cmuer  by 
Louis  XVIII.,  was  born  of  Swiss  parents  at  MonthiSUard,  near 
B&an^on,  in  1769.  He,  too,  was  intended  for  the  church, 
because  his  parents  were  not  rich  and  he  had  an  uncle  who 
could  help  him  in  that  profession;  but  Prince  Charles  of 
Wurtemburg  having  heard  of  his  abilities,  sent  for  him  and 
gave  him  a  free  education  in  the  Academic  Caroline  at  the 
University  of  Stuttgard.  Here  he  already  began  in  his  spare 
moments  to  read  books  of  nntural  history  and  to  make  drawings 
of  plants  and  animals.  When  he  kit  Stuttgard  he  went  as 
tutor  in  a  nobleman's  family  at  Caen,  in  Normandy,  and  found 
a  new  and  delightful  study  in  the  examination  of  the  marine 
animals  on  the  sea-shore.  After  living  there  si.t  years,  he 
happened  to  meet  the  celebrated  Abbii  Tessier,  who  had  fled 
from  the  Revolution  in  Paris, and  throughhls  means  the  young 
Cuvier  was  introduced  to  Geoffrey  SL-Hilaire  and  other 
scientific  men  in  Paris,  and  became  assistant-professor  of 
comparative  anatomy  in  the  Jardin  des  Plantes.  From  this 
post  he  rose  to  very  great  honours  both  as  an  admlnistiatori 
and  man  of  science,  holding  the  jjosts  of  President  of  th»! 
Institute,  Insi>ector-General  of  education,  Councillor  of  tlw 
Imperial  University,  and  many  others  of  equal  importance, 

Geoffrey  St.-Hilaire,  the  third  and  youngest  of  the  ttttca; 


friends,  was  bom  at  fitampes  in  177a.  It  is  curious  that  he 
also  began  his  education  as  a.  priest,  and  that  all  these 
three  men  should  have  given  up  the  church  for  science. 
In  SL-Hilaire's  case  it  was  a  passionate  love  for  /oology 
which  led  him  to  persuade  his  father  to  let  him  stop  in  Paris 
to  study  at  the  Jardin  des  Plantes,  where  he  was  soon 
offered  a  post  which  gave  him  an  excuse  for  following  his 
own  tastes.  He  afterwards  joined  Lamarck  at  the  Mus^e 
d'Histoire  Naturelie  in  1793;  and  in  1795  it  was  chiefly 
through  his  influence  that  Cuvier  was  Invited  to  Paris  and 
became  their  fellow- worker. 

It  now  remains  for  us  to  see  what  was  done  by  these 
three  remarkable  men.  For  three  years  they  all  remained 
at  work  in  the  museum.  Cuvier  had  found  in  a  lumber-room 
four  or  five  old  skeletons  collected  by  Daubenton  (see  p. 
204),  and  he  determined  to  make  them  the  beginning  of  a 
museum  of  comparative  anatomy,  which  afterwards  became 
very  famous.  St.-Hilaire  worked  with  Cuvier,  while  I.amarck 
began  the  study  of  those  animals — such  as  insects,  snails, 
worms,  shell-fish,  sea-anemones,  and  sponges — which  have 
no  backbone,  and  to  which  he  first  gave  the  name  of  '  in- 
vertebrate animals.'  Lamarck's  work  on  these  animals  is 
one  of  the  most  famous  he  ever  wrote. 

In  1798  Cuvier  and  St-HJlalre  were  both  invited  by 
Napoleon  I.  to  go  with  the  French  army  to  Egj^pt  and 
study  the  curiosities  of  natural  history  which  were  to  be 
found  there.  Cuvier  declined,  but  St.-Hilaire  went,  and 
spent  three  years  examining  the  embalmed  animals  of  the 
Egyptians.  He  succeeded  in  1801  in  bringing  away  a 
splendid  collection  of  these  and  other  relics  from  Alexan- 
dria when  the  French  were  forced  to  give  up  the  town  to 
the  English.  These  collections  were  conveyed  safely  to  the 
liuseum  in  Paris  in  1802. 
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Lamaf  ok  on  the  Development  of  Animals,  ISOl. — 

Meanwhile  Lamarck  publislied  in  i8oi  a  Utile  work  on  the 
'  Organisation  of  Living  Bodies,'  and  in  it  he  first  suggested 
that  the  different  species  of  animals  were  not  created  separ- 
ately, but  had  been  gradually  altered  from  a  few  simple  living 
forms,  so  that,  in  the  course  of  long  ages,  there  had  sprung 
up  an  immense  variety  of  animals  in  the  world,  It  must 
be  remembered  that  Lamarck  had  chiefly  studied  plants  and 
the  lower  animals.  We  have  seen  how  Goethe  showed  thai 
all  plants  are  only  altered  stems  and  leaves :  and  the  lower 
animals,  such  as  jelly-hsh,  snails,  and  worms,  differ  much 
less  from  each  other  than  the  higher  animals  do.  There- 
fore Lamarck  was  very  much  struck  with  the  difiBculty  there 
was  in  settling  which  were  distinct  forms  or  species,  and 
which  might  have  come  from  the  same  parent,  and  he  con- 
cluded that  the  only  difference  was  that  some  had  branched 
off  from  the  common  stock  earlier  than  others,  and  so  had 
become  more  unlike — just  as  brothers  and  sisters  are  \tsj-- 
like  each  other,  while  distant  cousins  are  much  less  liable  10< 
have  the  same  features  and  expression. 

The  more  we  know  of  animals  and  plants,  said  Lamaickr 
the  more  difficult  we  find  it  to  settle  which  ate  reUted  to 
each  other  and  which  are  not.  Linnaeus  had  long  agft, 
pointed  out  that  among  plants  which  are  well  known,  such 
as  the  willows  in  Eurojie,  the  cactuses  in  South  Amcricai 
and  the  heaths  and  everlastings  at  the  Cape,  there  are  so 
many  kinds  dilTering  very  little  from  each  other  that  tt 
impossible  to  say  which  ought  to  be  considered  as  sepanie 
species  and  which  as  the  descendants  of  one  kind  of  pUiM. 

Moreover,  we  know  how  much  plants  and  animals  an 
sometimes  altered  even  in  a  few  years.  For  example,  tq 
growing  in  a  drier  soil  or  up  a  high  mountain,  plantl 
become  stunted  and  altered  in  many  ways, while  birds  whei 
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shut  up  lose  the  power  of  using  their  wings,  as  has  been  the 
case  with  our  domestic  poultry.  Man  can  make  a  number 
of  different  varieties  both  of  plants  and  animals  by  merely 
keeping  those  which  have  the  peculiarities  he  admires.  The 
different  kinds  of  pigeon,  for  example — the  pouters,  fan-tails, 
tumblers,  and  others,  which  are  so  unlike  each  other — are 
said  by  naturalists  to  be  alt  descendants  of  the  common 
rock-pigeon ;  and  all  the  varieties  of  rabbit  have  come  from 
one  wild  species.  You  cannot  iind  a  wild  pigeon  with  a 
fan-tail,  or  a  wild  rabbit  with  lop-ears. 

If  man,  then,  in  a  few  hundred  years  can  make  such 
changes,  "is  it  not  possible,'  said  Lamarck,  'that  nature  in 
all  the  long  ages  during  which  the  world  has  existed  may 
have  produced  the  different  kinds  of  plants  and  animals  by 
gradually  enlarging  one  part  and  diminishing  another  to  suit 
the  wants  of  each  ?  '  These  and  many  other  arguments 
Lamarck  brought  forward  in  his  work  in  iSoi,  and  again  in 
his  '  Philosophic  Zoologique  '  in  1809,  to  prove  that  the  way 
in  which  the  Creator  has  formed  different  plants  and  animals 
has  been  by  altering  them  gradually  out  of  simple  forms. 

There  was,  however,  one  very  weak  point  in  all  his  argu- 
ments ;  he  did  not  show  sufficiently  what  should  cause  living 
beings  to  go  on  altering,  and  becoming  more  and  more  dif- 
ferent. For  if  you  turn  plants  and  animals,  which  man  has 
altered,  out  into  the  fields  again,  in  a  very  few  generations 
they  return  very  nearly  to  their  old  forms ;  nor  can  we  see 
any  reason  why  the  differences  between  animals  should  go 
on  increasing  unless  they  were  picked  out  and  kept  apart, 
as  men  keep  them  when  they  want  to  gel  new  varieties. 

Lamarck  did,  indeed,  point  out  that  dlmaie  and  dif- 
ference of  food  would  help  to  alter  the  nature  of  an  animal, 
but  the  chief  reason  he  gave  for  changes  taking  place  in 
them  was  that  the  animal  itself  might  cause  the  alteration  in 
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its  form;  as  for  instance,  a  girafTe  constantly  wishing  to  eat  tho 
boughs  off  high  trees  might  stretch  his  neck,  and  so  by  de- 
grees each  generation  might  have  longer  necks  than  the  laat 
one.  This  reason  was  so  weak  and  ridiculous  that  it  prevented 
naturalists  from  paying  much  attention  to  Lamarck's  theory. 

Geoffi-oy  St.-Hilaire  points  out  that  the  Parts  or 
Organs  are  the  same  in  all  Animals,  only  Modified  to 
suit  their  Wante. — Geoffrey  Sl.-Hilaire  was,  howe^-er, 
inclined  to  think  that  there  was  some  truth  in  Lamarck'i 
theory,  although  Cuvier  was  strongly  against  it.  Cuvier,  you. 
remember,  had  given  his  time  chiefly  to  the  restoration  of 
the  skeletons  of  the  higher  animals,  and  he  was  as  much 
struck  with  the  immense  difference  between  them 
Lamarck  had  been  with  the  likeness  of  the  lower  animals. 
Cuvier  thought  that  each  animal  was  at  first  created  sepa- 
rately, and  all  its  parts  were  arranged  expressly  to  meet  iti 
wants.  He  looked  upon  the  creation  of  each  kind  of 
animal  as  something  similar  to  the  making  of  a  machine, 
into  which  we  put  a  wheel  here  and  a  valve  there  expressly 
to  make  it  do  the  work  required. 

Geoffroy  St-Hilaire,  on  the  contrary,  insisted  that  we 
never  find  any  part  of  an  animal  which  we  can  say  was  made 
expressly  for  it  Whenever  we  examine  it  closely  enough 
we  find  it  is  exactly  the  same  as  exists  in  other  beings,  only 
its  growth  is  altered  so  as  to  make  it  useful  to  that  particular 
animal.  The  pooch  of  the  Kangaroo,  he  said,  is  only  a  fold 
of  the  skin  which  is  looser  than  in  other  animals  ;  the  trunk 
of  the  elephant  is  a  nose  which  has  become  extremely  loog ; 
the  hand  of  a  man,  the  leg  of  a  horse,  and  the  wing  of  a 
bat,  are  the  same  organ  and  have  the  same  bones,  althou^ 
they  serve  such  different  purposes.  '  Nature,'  he  said,  '  has 
formed  all  living  beings  on  one  plan,  essentially  the  same  in 
principle,  but  varied  in  a  thousand  ways  in  all  the  minor    ! 
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parts ;  all  the  differences  are  only  a  complication  and 
modification  of  the  same  organs,' 

This  similarity  of  structure,  or  homology  as  it  is  called, 
which  runs  through  all  animals,  was  thus  first  clearly  stated 
by  St-Hilaire,  and  it  has  now  been  most  carefully  worked 
out  and  confirmed  by  our  living  anatomists.  Vet  Cuvier  op- 
posed it  to  the  last,  for  his  mind  was  full,  as  we  shall  see 
presently,  of  another  idea  which  is  equally  true  :  namely,  how 
perfectly  each  part  of  an  animal  is  made  to  fit  all  the  other 
parts  of  his  body ;  and  it  seemed  to  him  impossible  that  this 
could  be,  unless  each  part  was  created  expressly  for  the  work 
it  had  to  do. 

The  discussion  between  the  two  friends  became  so 
animated  that  all  Europe  was  excited  by  it.  It  is  said  that 
Goethe,  then  an  old  man  of  eighty-one,  meeting  a  friend, 
exclaimed, '  Well,  what  do  you  think  of  this  great  event  ?  the 
volcano  has  burst  forth,  all  is  in  flames.'  His  friend  thought 
he  spoke  of  the  French  Revolution  of  July  1830,  which  had 
just  occurred,  and  he  answered  accordingly,  '  You  do  not 
understand  me,"  said  Goethe,  '  I  speak  of  the  discussion  be- 
tween Cuvier  and  SL-Hilaire  :  the  matter  is  of  the  highest 
importance.  The  method  of  looking  at  nature  which  St.- 
Hilaire  has  introduced  can  never  now  be  lost  sight  of  again.' 
And  he  was  right,  for  the  doctrine  of  homology,  as  taught 
by  St.-Hilaire,  is  one  of  the  strongest  arguments  for  the 
theory  of  the  development  of  living  beings,  now  held  by  all 
the  most  able  naturalists,  and  of  which  we  shall  speak  in 
Chapter  XLI. 

CuTier  proves  that  the  Parts  of  an  Animal  agree  so 
exactly  that,  Q:om  seeing  one  Fragment,  the  Whole  can 
be  known. — We  have  seen  that  Cuvier  did  not  agree  with 
many  of  the  views  of  Lamarck  and  St.-Hilaire.  We  must 
now  consider  what  work  he  did  himself;  for  though  all  the 


L 


418  NINETEENTH  CENTUHY-  pt.  hi. 

three  friends  laboured  well,  Cuvier  accomplished  the 
most  of  all.  He  had  a  most  remarkable  capacity  for 
work ;  we  find   him   at  the  same  time  restoring  skeletons 

and  studying  each  bone  with  minute  care,  lecturing  to 
large  bodies  of  students,  writing  the  history  of  all  the 
sciences,  and  examining  fossils  from  the  rocks ;  besides 
presiding  over  councils  and  superintending  national  educa- 
tion. And  whatever  he  touched  was  done  thoroughly  and 
with  a  master-hand. 

His  first  great  work  was  to  collect  all  the  difTerent  facts 
of  comparative  anatomy  established  since  the  time  of 
Hunter,  and,  adding  a  great  mass  of  his  own  observations,  to 
build  them  up  into  one  complete  science  of  anatomy.  In 
his  *  Rtgne  Animal,'  published  in  1817,  he  made  a  new 
classification  of  the  whole  animal  kingdom,  dividing  them 
into  four  great  branches.  The  vtrttbrala,  or  animals  with 
back-bones  \  the  mollusca,  or  soft-bodied  animals,  such  as 
snails ;  the  articutata,  or  animals,  such  as  crabs,  spiders,  bee^ , 
and  ants,  whose  bodies  are  composed  of  movable  parts 
hardest  outside,  and  jointed  or  articulated  together ;  and 
the  radiata,  or  animaU  whose  parts  are  arranged  round  an 
axis,  such  as  star-fish  and  polyps.  These  four  branches 
he  divided  again  into  classes,  orders,  families,  genera,  and 
species,  making  a  much  more  complete  classification  than 
Linnxus  had  done,  because  it  was  founded  more  upon  the 
internal  structure  of  animals. 

In  this  work  he  pointed  out  thaflhe  parts  of  an  animal 
are  made  to  fit  to  each  other  in  such  a  wonderful  manner, 
thai  if  only  a  few  bones  are  placed  in  the  hands  of  an  aiu- 
tomist  he  ought  to  be  able  to  tell  you  exactly  what  all  the 
other  bones  must  be.  You  will  remember  that  Hunter 
had  hinted  at  this  when  he  showed  how  the  teeth  of  each 
species  of  animal  are  fitted  to  the   kind  of  stomach   into 
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which  the  food  is  to  pass.  But  Cuvier  proved  that  this  is 
true  rot  only  of  the  teeth  but  of  every  bone  in  the  skeleton 
of  an  animaL 

'Every  organised  being,'  he  says,  'forms  a  whole  and 
entire  system  .  .  .  none  of  its  parts  can  change  without  a 
change  of  the  others  also.  Thus,  if  the  stomach  of  an 
animal  is  made  so  as  only  to  digest  fresh  flesh,  his  jaws 
must  be  formed  to  devour  the  prey,  his  claws  to  seize  and 
tear  it,  his  teeth  to  divide  the  flesh,  and  the  whole  system  of 
his  organs  of  motion  to  follow  and  overtake  it  Nature 
must  even  have  planted  in  his  brain  the  necessary  instinct  to 
hide  himself  and  lay  snares  for  his  victim.  These  are  the 
genera]  conditions  of  a  carnivorous  life,  and  all  animals  who 
are  to  live  this  life  must  fulfil  them,  otherwise  they  cannot 
exist  And  besides  these  general  conditions  there  are 
special  ones,  according  to  the  particular  kind  of  life  the 
animal  has  to  live,  and  each  of  these  require  modifications 
in  the  form  of  the  organs  ;  so  that  not  only  the  class,  but  the 
order,  the  genus,  and  even  the  species  of  an  animal  are 
revealed  by  each  part  of  it.' 

And  now  you  will  understand  why  Cuvier  could  not 
believe  St.-Hilaire's  theory  that  all  the  parts  of  one  class  of 
animals — such  as  the  vertebrate  animals,  for  example — are 
made  on  one  model,  and  that  when  some  organ  has  to  play 
a  different  part  it  is  altered,  and  not  created  for  the  purpose. 
Cuvier  was  strongly  impressed  with  the  beautiful  agreement 
in  every  part  of  each  particular  animal,  which  enables  it  to 
provide  for  all  its  wants;  while  St.-Hilaire  was  equally  im- 
pressed with  the  general  agreement  between  the  structure  of 
all  animals  in  any  one  great  class.  Both  these  views  were 
true,  but  in  the  state  of  knowledge  at  that  time  it  was  verj- 
difificuh  to  reconcile  them.  You  must  bear  this  in  mind, 
because  it  is  one  of  the  difficuhies  upon  which  light  is  thrown 
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by   Mr.   Darwin's  observations,  which   we   shall 
by  and  by. 

Cuvier  Studies  and  Bestores  the  Bemaina  of  Fossil 
Animals,  1812. — We  have  seen  that  Cuvier's  knowledge  of 
the  agreement  between  the  different  jrajts  of  an  animal  was 
so  great  that  from  even  one  bom  he  could  tell  what  the  other 
parts  of  the  body  must  be.  The  use  which  he  made  of  this 
knowledge  enabled  him  to  reveal  a  wonderful  histor>-  about 
the  fossils  buried  in  the  crust  of  our  earth. 

When  he  first  came  to  Paris,  and  for  many  years  after- 
wards, a  number  of  skeletons  and  parts  of  skeletons  of  ani- 
mals were  being  dug  up  round  about  Paris.  These  were  a 
great  puMile  to  anatomists,  for  the  bones  were  many  of  them 
immensely  large,  and  none  of  them  seemed  to  agree  exaajy 
with  those  of  any  known  animals.  Cuvier  no  sooner  heard 
of  these  fossils  than  he  set  lo  work  to  study  them,  making 
use  of  his  great  knowledge  of  anatomy  to  sort  out  the  con- 
fused mass.  His  practised  eye  could  detect  from  among 
a  heap  of  bones  those  which  belonged  to  each  other,  and 
out  of  a  mere  handful  of  fragments  he  could  make  an 
ideal  restoration  of  the  animal  from  which  they  must  have 
come.      It  was  like  the  work  of  an  enchanter's  wand. 

'  At  the  voice  of  comparative  anatomy,'  he  writes,  'each 
bone,  each  fragment,  regained  its  place.  I  cannot  describe 
the  pleasure  I  felt  in  finding  that,  as  I  discovered  one  cha- 
racter, all  its  consequences  were  gradually  brought  to  li^l ; 
the  feet  agreed  with  the  history  told  by  the  teeth ;  the  bones 
of  the  legs  and  thighs,  and  those  parts  which  ought  to  unite 
them,  agreed  with  each  other.  In  a  word,  each  one  of  the 
species  sprang  from  its  own  fragments." 

And  so  month  after  month  he  worked  on,  and  then  lo 
the  great  astonishment  of  naturalists  he  told  ihero  that 
all  these  animals  were  of  species  which  are  found  nowhere 


FOSS/L  ANIMALS. 


'■1 


upon  the  earth  now,  Thty  were  all  extinct  animals.  The 
greater  part  belonged  to  hoofed  quadrupeds,  something 
like  our  elephant,  rhinoceros,  and  pig;  then  there  was  an 
elegant  deer-like  animal  resembling  a  gazelle,  some  birds, 
some  fish,  and  a  kind  of  opossum,  but  all  these  were  in 
some  way  different  from  any  which  live  now. 

Here  was  a  historj'  so  strange  that  at  first  no  one  would 
believe  it ;  for  it  meant  that  at  the  time  when  the  land  on  which 
Paris  now  stands  was  being  laid  down  by  the  rivers,  there 
must  have  existed  a  whole  grou])  of  animals,  all  of  them 
more  or  less  different  from  our  present  species  of  animals, 
which  had  not  then  begun  to  exist.  It  had  long  been 
known  that  strange  shells  were  found  buried  in  the  earth's 
crust,  but  then  naturalists  could  never  be  sure  that  some 
Uke  them  might  not  be  living  in  other  parts  of  the  world 
without  our  knowing  it,  and  they  had  always  believed 
that  at  least  the  larger  animals  had  been  created  quite 
recently  at  the  same  time  as  man.  But  here  were  ani- 
mals which  no  one  had  ever  seen  upon  the  earth,  and 
it  was  impossible  to  suppose  that  fifty  different  kinds  of 
creatures  of  all  si^es,  some  bigger  than  an  elephant,  could  be 
roaming  about  the  world  unseen  by  any  one.  Therefore 
there  could  be  no  doubt  that  long  before  the  time  of  history 
nr  tradition  strange  animals  must  have  hved  and  died,  and 
have  been  buried  in  the  deposits  now  forming  part  of  the 
earth's  crust. 

And  when  this  was  once  recognised,  and  attention  was 
called  to  these  buried  animals,  little  by  little  other  forms 
were  found  in  older  rocks  in  different  parts  of  the  world, 
which  appeared  to  be  less  and  less  like  living  animals  the 
older  the  rocks  were  in  which  they  were  found.  All  these 
Cuvier  described  in  his  famous  work  called  '  Les  Ossemens 
Fossiles,'  which  he  published  in  1811,  and  in  which  he  laid 
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before  the  world  a  startling  history  of  the  long  succession  of 
different  animab  which  must  have  lived  in  past  ages  upon 
the  earth. 

And  here  we  must  close  this  very  imperfect  sketch  of  the 
work  done  by  the  three  French  naturalists.  Vou  ought 
chiefly  to  remember  about  them  that  Lamarck  suggested 
that  animals  have  been  developed  out  of  a  few  simple 
fonns ;  that  St-Hilaire  proved  that  animals  of  one  class  arc 
formed  on  the  same  general  plan,  similar  parts  being  altered 
to  serve  different  purposes  in  diiferent  animals ;  and  thai 
Cuvier  showed  that  each  part  of  an  animal  agrees  with  the 
rest  so  perfectly  that  from  a  few  bones  it  is  possible  to  tell 
exactly  what  animals  had  lived  and  died  in  past  ages. 

GeoffroySL-Hilaire  outlived  both  his  friends,  and  died, 
blind  and  paralysed,  in  1840.  Lamarck  had  died  in  1829, 
in  his  eighty-fifth  year,  having  been  blind  for  many  years. 
Cuvier  died  on  May  13,  1832.  On  the  Tuesday  previous 
he  had  begun  his  third  course  of  lectures  on  Natural  Science 
at  the  CoUfege  de  France,  and  had  promised  to  give  in  that 
course  his  idea  of  creation,  and  how  the  Divine  Intelligence 
is  to  be  traced  through  all  the  operations  of  nature ;  but  ihe 
promise  remained  unfulfilled;  that  same  evening  paralysis 
set  in,  and  on  the  next  Sunday  he  died  in  his  arm-chait  as 
if  he  had  fallen  asleep.  He  had  begged  to  be  buried 
privately,  but  that  was  impossible ;  on  hearing  of  his  death 
men  of  science  flocked  from  all  parts  to  do  him  the  last 
honour,  and  his  pupils  bore  hini  10  the  grave. 

Von  Baer,  the  Founder  of  the  Study  of  Embryology, 
1828. — ^Ve  must  not  leave  this  question  of  the  structure  of 
animals  without  noticing  in  passing  a  new  and  important 
study  which  began  about  this  time.  This  was  the  study  of 
embryology,  or  of  animals  in  the  earliest  stages  of  their  life, 
as  in  the  case  of  the  chicken  before  it  leaves  the  egg.     You 


know  that  if  you  take  a  bird's  egg  when  it  is  newly  laid,  you 
will  see  inside  it  a  yellow  yolk  floating  in  a  white  fluid. 
But  if  you  tike  the  egg  after  the  mother-bird  has  sat  upon 
it  for  some  days,  the  yolk  will  begin  to  have  the  form  of  a 
bird,  and  if  you  were  to  go  on  taking  an  egg  every  day  from 
under  a  silting  hen  each  one  would  be  found,  when  opened, 
to  be  more  like  a  chicken  than  the  one  before  it,  until  the 
last,  if  you  opened  it  just  about  the  time  when  it  ought  to 
be  hatched,  would  be  a  perfect  chicken,  only  that  its  feathers 
would  not  be  yet  growa  Now  the  study  of  the  different 
stages  of  the  development  of  the  chicken  in  the  egg,  and  of 
all  living  beings  going  through  the  same  stages,  is  called 
Embryology,  and  has  become  of  immense  importance  in  the 
history  of  animals. 

You  will  remember  that  Harvey,  MaJpighi,  and  many 
other  physiologists,  occupied  themselves  with  this  study ; 
but  no  discoveries  of  very  great  importance  were  made  in 
it  before  the  time  of  Karl  von  Baer,  a  Russian  anatomist, 
who  was  born  in  179J  and  died  in  1876.  Von  Baer  was 
the  pupil  of  a  very  famous  anatomist.  Professor  Dcillinger, 
and  while  he  was  working  under  him  at  Wiirzburg  he  made 
for  him  a  number  of  observations  upon  the  growth  of  the 
chicken  in  the  egg,  which  led  him  to  study  the  embry- 
ology of  animals,  and  to  discover  the  remarkable  law  of 
which  we  must  now  speak. 

Before  Von  Baer's  time  it  had  always  been  supposed  that 
the  many  kinds  of  animals,  so  different  from  each  other, 
must  be  cjuite  unlike  from  the  very  first  moment  that  they 
began  to  grow,  but  Von  Baer  discovered  that  this  is  not  so, 
but  that  the  embrj-os  or  beginnings  of  an  ox,  a  bird,  a  lizard, 
or  a  fish,  are  so  like  each  other  that  they  can  only  be  dis- 
tinguished by  their  size  ;  and,  what  is  still  more  remarkable, 
they  remain  alike  till  they  have  been  growing  for  some  time. 


I 


NINETEEffTH  CENTURY. 

For  example,  if  you  could  watch  ihe  beginning  of  these  four 
animals,  there  would  be  a  certain  time  during  which  yot 
could  see  no  difference  in  their  form.  Then  after  a  while 
the  fish  would  start  off  on  a  road  of  its  own,  but  still  the 
other  three  would  go  on  all  alike.  Then,  when  they  had 
grown  a  little  bigger,  the  lizard  would  branch  off,  and  only 
the  bird  and  the  ox  would  continue  to  have  the  same  form, 
until  lastly  the  bird  would  take  on  its  own  peculiar  shape, 
and  the  ox  would  go  on  alone,  having  passed  through  the 
same  stages  as  the  fish,  the  reptile,  and  the  bird,  before  it 
began  to  shape  itself  like  a  mammal  Vou  must  i 
carefully  that  this  does  not  mean  that  the  beginning  of  an 
ox  is  at  any  time  like  a  full-grown  fish,  which  is  a  mistake 
that  people  often  make ;  but  only  that  there  is  a  lime 
when  the  embryos  of  these  animals  follow  exactly  the  s: 
plan. 

You  will  see,  if  you  consider  for  a  moment,  that  the  dU- 
covery  of  this  curious  fact  gave  naturalists  a  new  and  much 
more  perfect  way  of  classifying  animals;  for  they  could 
actually  read  the  history  of  an  animal  by  watching  it  in  thi 
earlier  stages  of  its  growth  and  seeing  at  what  point  i 
branched  off  and  put  on  special  peculiarities  of  its  own ;  and 
in  some  of  the  lower  and  more  obscure  animals  several  mis- 
takes of  classification  were  corrected  by  this  means.  There 
was  also  another  very  important  question  settled  by  Von 
Baer's  law.  It  proved  that  St.-Hilaire  was  certainly  right  in 
saying  that  animals  are  formed  on  one  plan,  having  special 
parts  altered  to  suit  their  wants,  for  here  in  the  embryo  those 
parts  can  be  seen  actually  developing  differently  in  different 
animals  out  of  the  same  beginnings.  The  study  of  embry- 
ology has  been  carried  to  great  perfection  since  Von  Baer 
published  his  '  History  of  the  Development  of  Animals '  in 
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1828 ;  but  though  many  names  are  better  known  than  his 
in  connection  with  it,  still  it  should  always  be  remembered 
that  he  was  the  discoverer  of  the  law  of  embryological  de- 
velopment. 


Chief  Works  consulted, — Goethe's  *  CEuvres  Scientifiques,*  Faivre, 
1862  ;  Asa  Gray's  *  Botany,'  1858 ;  L.  Agassiz's  *  Centenaiy  Address 
on  A.  von  Humboldt,'  1869  ;  Humboldt's  '  Cosmos ;'  '  Biog.  Univer- 
zelle  ' — Cuvier,  Geoffix>y  St-Hilaire,  and  Lamarck ;  Lamarck's  '  Philo- 
sophie  Zoologique ;'  Cuvier's  '  Ossemens  Fossiles ;'  GeofTroy  St.- 
HOaire's  '  Zoologie  Gen^rale  Suites  ^  BufTon ; '  *  Vie  et  Travaux  de 
G.  St-Hilaire;'  Flourens'  «Eloge  de  Cuvier;'  *  Miscellany  of  Nat. 
Hist' — Lauder's  •  Memoir  of  Cuvier ;'  Jardine's  Naturalist's  Library ; 
*  Memoir  of  Lamarck ;'  Huxley  on  Von  Baer — Appendix  to  Baden 
Powell's  •  Unity  of  Worlds  ;*  Agassiz's  •  Systems  of  Classification.' 
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CHAPTER  XL. 

SCIENCE  Ot  THE  NINETEENTH  CENTURY  (CONTINUED). 

Prejudices  which  retaided  the  Study  of  Geology — Lycll,  '  Principles  <A 
Geology ' — Murdiison — Louis  Agassis — Glacial  Period — HacEneiy 
— Boucher  de  Perthes — Flint  IiDplenieniB — '  Aniiquity  of  tlan' — 
Swiss  Lake-dwellings. 

In  iSii,  when  Cuvier  published  his  work  on  'Fossil  Re- 
mains,'William  Smith,  who,  as  you  remember  (p.  lai),  first 
studied  the  rocks  of  England,  had  nearly  completed  his  geo- 
logical map,  and  scientific  men  were  beginning,  both  in 
England  and  Germany,  to  understand  something  of  the  dif- 
ferent ages  of  the  formations  which  have  been  laid  down 
from  time  to  time  on  the  surface  of  the  globe ;  yet  still  they 
were  prevented  from  reading  the  jiast  history  of  the  world 
rightly,  by  several  false  notions  which  continued  to  prevail 
People  had  so  long  held  the  belief  that  otir  earth  had 
only  existed  a  few  thousand  years,  that  when  geologists 
began  to  find  great  numbers  of  strange  plants  and  animals 
buried  in  the  earth's  crust,  immense  thicknesses  of  rock  laid 
down  by  water,  and  whole  mountain-masses  which  must 
have  been  poured  out  by  volcanoes,  they  could  not  believe 
that  this  had  been  done  gradually  and  only  in  parts  of  the 
world  at  a  time,  as  the  Nile  and  the  Ganges  are  now  carry- 
ing down  earth  to  the  sea,  and  Vesuvius,  Etna,  and  Heda 
are  pouring  out  lava  a  few  feet  thick  every  year.  They  still 
imagined  that  in   past  ages  there  must  have  been  mighty 
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convulsions  from  time  to  time,  vast  floods  swallowing  up 
plants  and  animals  several  times  since  the  world  was  made, 
violent  earthquakes  and  outbursts  from  volcanoes  shaking 
the  whole  of  Europe,  forcing  up  mountains,  and  breaking 
open  valleys.  It  seemed  to  them  that  in  those  times  when 
the  face  of  the  earth  was  carved  out  into  mountains  and 
valleys,  tablelands  and  deserts,  and  when  the  rocks  were 
broken,  tilted  up,  and  bent,  things  must  have  been  very 
different  from  what  they  are  now.  And  so  they  made  im- 
aginary pictures  of  how  Nature  had  worked,  instead  of 
reasoning  from  what  they  could  sec  haj^pening  around  them. 

Sir  Charles  Lyell  teachea  that  the  Books  of  our 
Earth  have  been  formed  by  Natural  Causes,  eaoh  as 
are  still  going  on,  1830. — The  man  who  first  broke  through 
these  prejudices  was  our  great  geologist,  Sir  Charles  Lyell. 
Charles  Lyell  was  bom  in  Forfarshire  in  1797,  the  same 
year  that  HutCon  died.  From  his  earliest  childhood  he  had 
a  great  love  of  Natural  History  and  Science,  but  as  his  father 
wished  him  to  become  a  barrister,  he  went  to  Oxford  to 
follow  the  usual  course.  There  he  attended  the  lectures  of 
Dr.  Buckland,  the  great  geologist  of  that  day,  and  this  de- 
cided him  to  devote  his  life  to  the  study  of  geology.  He 
began  first  by  examining  the  formations  round  about  his 
own  home  in  Forfarshire,  and  he  soon  became  convinced, 
as  Hutton  had  been  before  him  (see  p.  218),  that  we  can 
only  Icam  the  past  history  of  the  eanh  by  observing  the 
causes  now  at  work. 

What  Button  had  suggested  Lyeli  worked  out.  He  col- 
lected with  great  care  all  that  is  known  of  changes  going  on 
now  all  over  the  world,  and  the  causes  which  produce  ihenL 
.\mong  these  were — 

istly.  The  fall  of  rain,  and  how  it  wears  away  the  earth 
carries  it  off  in  little  rills  to  the  river. 
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adiy.  The  amount  of  mud  carried  by  mighty  streams, 
such  as  the  Ganges,  the  Nile,  and  the  Mississippi,  and  laid 
down  in  the  sea  at  their  mouths. 

3dly.  The  amount  of  lime,  iron,  and  other  minerals 
brought  u])  by  springs  from  the  inside  of  the  earth,  and  thrown 
down  on  the  surface. 

4thly.  The  tides  and  currents  of  the  sea,  and  how  they 
wash  up  fresh  (and  on  some  coasts  and  eat  away  the  land 
on  others. 

5thly.  The  growth  of  corals  in  the  sea,  and  how  remains 
of  their  skeletons  become  cemented  into  limestone. 

6thly.  The  volcanoes  which  are  throwing  out  lava,  and 
how  much  they  have  thrown  out  in  historical  times. 

ythly.  The  different  eanhquakes  which  man  has  wit- 
nessed, how  ihey  have  broken  and  dislocated  the  land,  rais- 
ing it  in  some  places,  as  in  New  Zealand,  and  causing  it  10 
sink  in  others,  as  at  New  Madrid,  tn  America. 

8thly.  The  way  in  which  plants  and  animals  are  buried 
in  the  mud  of  lakes,  or  at  the  mouths  of  rivets,  or  in  peal  and 
sand. 

All  these  and  many  other  changes  which  are  taking  place 
all  over  the  world  in  the  present  day,  Lyell  studied  with  great 
accuracy,  and  then  began  to  accumulate  all  this  evidence 
in  a  work  showing  that  what  we  find  in  the  rocks  might 
all  have  been  produced  by  such  causes  as  these,  without 
imagining  any  extraordinary  violence  of  nature. 

While  writing  this  book  he  went  with  another  celebrated 
geologist,  Murchison,  to  Italy  and  Sicily,  and  there  be 
studied  not  only  the  rocks  which  the  volcanoes  of  Vesuvius 
and  Etna  have  been  building  up  for  ages,  but  also  saw 
at  Syracuse  and  other  places  enormous  beds  of  limestone 
filled  with  shells  of  kinds  which  may  still  be  found  living 
The  immense  thickness  of  these  limestone  beds,  amounting 
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in  some  places  to  700  and  800  feet,  astonished  him  greatly. 
He  knew  they  must  all  have  been  formed  slowly  beneath 
the  sea,  out  of  the  remains  of  corals  and  other  animals, 
whose  skeletons  or  shells  are  composed  of  lime,  and  that 
they  must  afterwards  have  been  raised  u[»  to  the  height  of 
3000  feet  above  the  sea,  at  which  he  found  them ;  and 
when  he  thought  of  the  time  which  this  must  have  taken, 
and  remembered  that  it  had  all  happened  since  the  other 
great  masses  of  rocks  below,  containing  extinct  shells,  had 
been  formed,  he  felt  more  than  ever  convinced  that  the 
world  must  be  very  old  to  have  allowed  time  for  all  the 
wonderful  changes  that  have  taken  place. 

In  1830  his  book  was  published,  and  though  it  met  with 
great  opposition  because  men's  minds  were  prejudiced  the 
other  way,  yet  his  facts  could  not  be  denied.  He  showed, 
for  example,  on  the  one  hand  that  the  river  Ganges  in  India 
carries  down  every  year,  and  deposits  in  the  sea,  as  much 
mud  as  would  make  sixty  of  the  great  pyTamids  of  Egypt, 
and  which  if  it  was  brought  in  ships  would  retiuire  2000 
full-sized  merchant  vessels  laden  with  mud  to  sail  down  the 
Ganges  every  day.  Here,  then,  was  an  example  of  rocks 
being  now  laid  down  in  the  sea,  not  by  violent  doods  and 
sudden  catastrophes,  but  so  quietly  that  no  one  even  notices 
that  nature  is  at  work. 

Then,  on  the  other  hand,  he  pointed  out  how  in  our 
own  tittle  island,  on  the  coasts  of  Yorkshire  and  Norfolk, 
the  sea  eats  away  the  cliffs,  so  that  towns  such  as  Auburn, 
Hartbum,  and  Hyde  in  Yorkshire,  which  are  marked  upon 
old  maps,  have  been  entirely  washed  away,  and  the  ground 
00  which  they  stood  has  been  spread  out  on  the  bottom  of 
the  ocean ;  and  yet  this  is  done  so  gradually,  year  by  year, 
that  new  towns  of  the  same  name  are  built  up  farther  inland, 
I  and  no  one  disturbs  themselves  about  the  loss. 
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Then  to  account  for  the  huge  masses  of  basalt  and  lava 
which  are  found  in  the  earth's  crust,  he  reminded  hii 
readers  of  the  great  eruption  of  the  volcano  called  Skaptai 
Jokul  in  Iceland,  which  took  place  in  1783.  In  this  erui>- 
tion'  the  torrent  of  lava  was  ninety  miles  in  length,  from 
seven  to  fifteen  miles  in  breadth,  and  in  some  places  60a 
feet  deep,  and  the  whole  mass  poured  out  would  have  made 
a  mountain  as  big  as  Mont  Blanc, 

He  then  went  on  to  give  accounts  of  the  remarkable 
earthquakes  which  have  taken  place  in  times  of  history; 
the  earthquakes  in  India,  in  Java,  and  especially  in  Cala- 
bria, in  1783,  when  new  lakes  were  formed  by  the  sinking 
in  of  the  ground,  and  the  rivers  were  made  to  run  in  new 
channels.  He  showed  also  how  the  height  of  land  is  some- 
times changed  in  volcanic  countries ;  as  on  the  coast  of 
Italy,  near  Naples,  where  the  ground  on  which  the  famous 
Temple  of  Serapis  stands  can  be  proved  to  have  been 
raised  and  depressed  twice  even  in  historical  times. 

And  besides  all  these  obvious  changes  which  men  cannot 
help  noticing,  he  proved  that  other  quiet  and  unnoticed 
risings  and  fallings  of  land  are  taking  place ;  as,  for 
example,  in  Norway  and  Sweden,  where  the  land  is  riang 
out  of  the  sea  in  some  places  at  the  rate  of  about  two  or 
three  feet  in  a  century ;  and  in  Greenland,  where  it  is  sink- 
ing, so  that  huts  built  near  the  shore  ha\-e  to  be  moved 
inland,  because  they  are  becoming  submerged  in  the  sea. 

These  are  a  very  few  of  the  facts  which  you  can  unde^ 
stand,  by  which  Lyell  demonstrated  that  the  surface  of  our 
earth  is  always  undergoing  changes  in  our  own  day,  and  that 
by  similar  changes  going  on  in  past  times  the  whole  of  the 
crust  of  our  earth  may  have  been  built  up  and  carved  ouL 
In  addition  to  this  he  showed  how  plants  and  animals  are 
now  being  buried  in  mud  and  earth,  and  how  their  remains 


are  washed  into  caves,  or  preserved  in  peal -mosses ;  thus 
aifording  us  examples  of  the  way  in  which  the  remains  of 
ancient  animals  have  become  entombed  in  the  earth's  crust. 
Thus  Sir  Charles  Lyell  taught  men  to  read  the  true  his- 
tory of  the  earth.  It  is  difficult  in  the  present  day  to  under- 
stand rightly  how  great  a  work  he  accomplished,  for  though 
his  ideas  were  ridiculed  in  the  beginning,  yet  he  lived  long 
enough  to  see  all  men  agree  with  him,  and  his  doctrines 
received  as  evident  truths.  Like  all  other  great  men,  he 
was  humble  and  reverent  in  his  study  of  nature.  His 
one  great  desire  was  to  arrive  at  truth,  and  by  his  con- 
scientious and  disi>assionate  writings  he  did  much  to  per- 
suade people  to  study  geology  calmly  and  wisely,  instead 
of  mixing  it  up  with  angry  disputes,  hke  those  which,  in 
the  time  of  Galileo,  disfigured  astronomy.  He  travelled 
a  great  deal,  especially  in  America,  and  worked  out  a  great 
many  facts  in  geology.  But  in  future  ages  his  name  will 
stand  out  among  those  of  other  geologists  chiefly  as  having 
shown  that  the  cJianga  in  the  crust  of  our  earth  hare  been 
brought  about  in  tJie  course  of  long  ages  by  causes  like  those 
which  are  still  in  action. 

After  the  year  1830,  when  his  'Principles  of  Geology' 
was  first  published,  the  siudy  of  this  science  went  on  very 
rapidly  indeed.  A  few  years  before.  Sir  Roderick  Murchison 
(i79»-i  8  71)  and  Professor  Sedgwick  {17  8  7-1 87  3)  had  begun 
to  map  out  the  early  formations  in  Wales  with  the  same 
accuracy  that  William  Smith  had  employed  in  England,  and 
from  this  time  Murchison  continued  for  many  years  to  un- 
fold the  history  of  the  Silurian  rocks  in  Wales  and  England, 
the  Permian  rocks  in  Russia  and  the  '  Fundamental  gneiss  ' 
or  earliest  known  rocks  in  Scotland.  On  the  Continent  also 
and  in  America,  surveys  began  to  be  established  to  map  out 
H_^ie  ground  and  ascertain  the  position  and  age  of  the  various 
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fonnations.  As  with  all  the  other  sciences  of  the  1 
leenth  century,  you  must  read  the  details  of  these  advance* 
1  special  works ;  but  there  are  tn'o  great  dis- 
which  we  must  mention  very  shortly  here.  These 
are— ist.  The  fact  that  much  of  temperate  Europe,  Asia, 
and  America  was  at  one  time  covered  with  ice,  as  Greenlaiul 
is  now ;  and  2d,  that  man  has  hved  upon  the  earth  mud) 
longer  than  was  once  supposed. 

Iiouis  Agassiz,  1807-1674. — ^The  man  whose  name  w 
always  be  remembered  as  having  first  traced  out  the  wonder- 
ful history  of  the  great  ice-period  is  Agassiz,  the  famous 
Swiss  naturalist,  who  was  born  in    1807   at  Mottier,  near 
Neuchatel,  and  died  in  1874  in  America. 

Louis  Agassiz  was  the  son  of  a  Swiss  pastor,  and  he 
forms  one  among  many  bright  examples  in  the  history  of 
science,  of  men  who  cared  neither  for  wealth,  advance- 
ment, nor  ease,  but  for  the  study  of  nature  alone,  and  the 
grand  truths  to  be  obtained  by  it  After  receiving  a  good 
education  in  the  Swiss  and  German  Universities,  living 
frugally  and  economically,  as  students  can  on  the  Continent, 
he  took  his  degree  of  Doctor  of  Medicine  at  Munich  i 
1S19,  having  already  written  several  imxiortant  papers  on 
zoology.  In  1832  he  was  made  Professor  of  Natural  His- 
tory at  the  University  of  Neuchatel;  and  in  1833  he  pub- 
lished his  work  on  '  Fossil  Fishes,'  the  expenses  of  the  book 
being  liberally  paid  by  Humboldt.  In  1839  he  published 
his  grand  work  on  the  '  Fresh-Water  Fishes  of  Europe,' 
which  cost  him  so  much  that  he  was  very  poor  for  yesrt 
afterwards. 

There  are  very  touching  passages  in  some  of  Agassiz's 
private  letters  at  this  early  period,  when  he  had  a  hard 
struggle  with  life.  His  enthusiasm  breathes  out  so  natu- 
rally, and  he  speaks  so  regretfully  of  want  of  money,  not 
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for  himself,  but  for  the  work  he  longed  to  complete ;  while 
his  gratitude  is  so  sensible  and  heartfelt  towards  those  who 
helped  him  to  bring  out  his  splendid  additions  to  the 
science  of  zoology,  His  was  a  warm-hearted,  earnest,  and 
active  nature,  and  he  was  beloved  by  all  who  knew  him. 
It  is  pleasant  to  think  that  the  Americans,  among  whom  he 
spent  [be  latter  half  of  his  Ufe,  from  1846  to  1874,  ap- 
preciated him  fully.  In  1867,  by  the  kindness  of  Mr. 
Thayer,  he  was  able  to  make  a  most  important  journey  of 
discovery  in  Brazil ;  and  up  to  the  last  years  of  his  life  he 
continued  to  train  up  young  naturalists  to  carry  on  his 
favourite  studies. 

Agaaeiz  proves  that  parts  of  modem  Evirope  and 
North  America  must  once  have  been  covered  with 
Great  IFields  of  loe,  1840.— It  is,  however,  of  the  early 
part  of  Agassiz's  hfe,  while  he  was  still  in  Switzerland,  that 
we  must  now  speak.  Allhotigh  his  chief  study  was  zoology, 
yet  he  could  not  live  at  Neuchatel,  and  travel  about  the 
Alps,  without  being  struck  with  those  mighty  rivers  of  ice, 
called  glaciers,  which  creep  slowly  down  the  valley  of  the 
Alps  in  Switzerland,  carrj'ing  with  them  stones  and  rubbish, 
(See  Fig.  74,  p-  434-) 

These  glaciers  are  formed  by  the  snow,  which  collects 
on  the  tops  of  high  mountains,  and  sliding  down,  becomes 
pressed  more  and  more  firmly  together  as  it  descends  into 
the  valleys,  until  it  is  moulded  into  solid  ice,  creeping 
slowly  onwards  between  the  mountains,  and  carrying  with  it 
sand,  stones,  and  often  huge  pieces  of  rock  which  fall  upon 
it  At  last  one  end  of  this  ice-river  reaches  a  point  where 
the  air  is  warm  enough  to  melt  it,  and  here  it  flows  gradually 
away  as  water,  leaving  the  stones  and  rubbish  it  has  brought 
down  lying  in  a  confused  heap,  which  is  called  a  moraine. 
.        Towards  the  end  of  the  eighteenth  century  a  famous 
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geologist,  named  De  Saussure,  spent  much  time  in  examining 
the  glaciers  of  the  Alps,  and  pointed  out  how  they  are  now 
forming  large  deposits  in  the  valleys  out  of  these  heaps  of 
rubbish  which  they  bring  down  from  the  mountains.  Since 
his  time  many  geologists  had  taken  up  the  study,  but  it  was 


Professor  Agassi/  who  first  spelled  out  the  wonderful  histoiy 
we  can  learn  from  it,  about  the  former  climate  of  our  henai- 
sphere.  He  noticed  that  rocks  over  which  a  glacier  ha* 
moved  are  polished  and  grooved  by  the  rough  stones  and 
sand  frozen  into  the  bottom  of  the  ice,  just  in  the  same  way 
as  a  piece  of  wood  is  scraped  by  the  sharp  iron  at  the 
bottom  of  a  plane  ;  and  by  these  glacial  scratches  or  sMa, 


i  they  are  called,  he  could  tell  where  glaciers  had  been, 

f  even  though  there  was  nothing  else  to  show  that  ice  had 

[  ever  existed  in  the  country. 

■,  when  he  began  to  examine  the  slopes  of  the  Alps 

[many  hundred  feet  above  the  present  glaciers,  and  also  in 
s  where  it  is  now  too  hot  for  ice  to  remain,  he  found 
I  his  surprise  numbers  of  these  glacial   striae  and  also 

[remains  of  huge  moraines,  showing  that  the  glaciers  of 
oldeD  time  must  once  have  been  much  larger  and  have 
stretched  farther  down  the  valley  than  they  do  now.  And 
wfaat  was  still  more  strange,  these  same  marks  were  to  be 
seen  on  the  Jura  Mountains,  on  the  other  side  of  Switzerland, 
where  there  are  never  any  glaciers  at  present ;  moreover,  on 
the  Jura  there  were  found  huge  blocks,  some  of  them  as 
big  as  cottages,  which  tvere  not  made  of  the  same  materials 
as  the  hills  on  which  they  rested,  but  were  broken  pieces  of 
rock  such  as  are  now  only  found  on  the  Alps. 

It  was  clear,  then,  that  these  enormous  pieces  of  stone 
must  have  been  carried  right  across  Switzerland  from  the 
Alps  near  Mont  Blanc,  and  across  the  bke  of  Geneva,  which 
is  1000  feet  deep,  and  then  deposited  on  the  Jura  range 
near  Neuchatel,  where  one  block  of  Alpine  gneiss,  called  the 
Pierre-k-Bot,  as  large  as  a  good-sized  cottage,  sits  perched 
on  a  mountain  600  feet  above  the  top  of  the  lake.  How 
had  these  blocks  travelled  across  the  Swiss  plauis?  No 
flood  could  have  carried  them,  for  they  were  too  heavy,  and 
besides  they  were  not  smooth  as  stones  are  which  have  been 
rolled  in  water,  but  were  rough  with  sharp  edges.  Agassiz 
was  convinced,  therefore,  that  ihey  must  have  been  carried 
by  ice,  and  that  huge  glaciers  must  once  have  come  down 
from  the  high  Alps  right  across  Switzerland,  filling  the  lake 
of  Geneva  with  ice,  and  carrying  these  blocks  with  them,  as 

L  Oiodem  glaciers  do  now  in  the  Swiss  valleys. 
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This  was  a  marvellous  history,  for  it  showed  that  at)  the 
lower  land  of  Switzerland  must  once  have  been  buried  in 
ice,  but  other  facts  afterwards  came  to  light  which  were  more 
wonderful  stil].  In  1840  Professor  Agassiz  came  over  to 
visit  Great  Britain,  and  when  he  went  lo  Scotland  with  Dr, 
Buckland  his  practised  eye  discovered  at  once  in  the  High- 
lands glacial  scratchings,  remains  of  moraines,  and  blocks 
which  had  been  carried  by  ice ;  and  soon  it  became  en- 
dent  that  these  were  not  confined  to  Scotland,  for  Dr. 
Buckland  recognised  them  again  in  Wales  and  the  North  of 
England,  where  moraines  and  erratic  blocks  are  to  be  seen 
in  all  parts  of  the  country.  So  that  here,  too,  in  our  little 
island,  there  must  have  been  at  one  time  huge  glaciers  as 
large  as  those  now  found  in  the  Alps. 

Nor  was  this  all ;  for  when  once  geologists  knew  where 
to  look  for  these  signs  of  glaciers,  it  began  to  be  discovered 
little  by  little  that  parts  of  all  the  northern  countries  of 
Europe,  Norway,  Sweden,  Russia,  Germany,  Smizerland. 
Northern  Italy,  England,  and  even  on  the  other  side  of  the 
Atlantic,  Canada  and  North  America,  have  been  smoothed 
and  scratched ;  and  huge  erratic  (or  wandering)  blocks  have 
been  scattered  over  them,  showing  that  in  very  remote  ages 
(yet  still  while  very  nearly  the  same  kinds  of  plants  and 
animals  as  now  were  living  upon  the  globe),  the  temperate 
parts  of  our  northern  hemisphere  must  have  been  intensely 
cold,  causing  a  large  part  of  these  countries  to  be  covered 
with  great  fields  of  ice,  as  Greenland  is  in  the  present  day. 
And  just  as  we  see  now  that  icebergs  break  off  from  the 
Greenland  glaciers,  carrying  with  them  stones  and  mud,  and 
dropping  them  at  the  bottom  of  the  sea ;  so  in  those  times 
icebergs  floated  oi-er  many  of  the  valleys  of  Europe,  which 
were  then  submerged  beneath  the  ocean,  You  may  see  in 
the  railway  cuttings  of  Wales,  and  in  the  sea-cliffs  in  the 
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coast  of  Yorkshire  and  Norfolk,  huge  masses  o{  glacial  drift, 
as  it  is  called,  made  of  mud  and  stones  confusedly  mixed 
together,  which  were  dropped  from  icebergs  travelling  south- 
wards from  the  ice-fields. 

This  period  of  cold  is  called  by  geologists  the  '  Glacial 
Period;'  and  when  you  read  works  on  geology  you  will  see 
ihat  it  explains  in  a  wonderful  manner  many  curious  facts 
in  the  later  history  of  our  earth,  and  the  distribution  of 
plants  and  animals  upon  it.  For  the  present  it  is  enough 
for  you  to  remember  that  Agassiz  first  pointed  out  the  signs 
of  this  cold  period,  and  that  this  discovery  was  one  of  the 
earliest  rewards  of  a  patient  study  of  causes  which  are  going 
on  now ;  for  it  is  from  the  ice-action  in  Switzerland  and 
Greenland  in  the  present  day  that  we  are  able  to  under- 
stand how  these  huge  ice-fields  tarried  down  erratic  blocks 
and  the  mud  of  moraines  during  the  Glacial  Period. 

Geological  Proofs  that  Man  lived  ui>on  the  Earth 
in  Ages  long  gone  by,  with  Auimala  which  are  now 
extinct,  1847.— The  second  remarkable  discovery  which 
has  been  made  in  geology  in  this  century  is  that  of  the 
antiquity  of  man  ;  or  the  fact  that  man  must  have  existed 
upon  our  earth  long  before  the  very  earUest  limes  of  history 
or  tradition,  in  an  age  when  an  elephant  and  a  byxna,  of 
extinct  sjjecies,  roamed  about  England  and  France,  together 
with  some  other  strange  animals  which  are  not  now  to  be 
found  upon  the  globe. 

This  discovery,  which  was  not  believed  for  a  long  time, 
was  first  announced  by  a  French  geologist,  M,  Boucher  de 
Perthes,  in  the  year  1847.  It  hapjjened  that  near  this 
gentleman's  house,  at  Abbeville  in  Picardy,  gravel-pits  had 
been  dug  from  time  to  time  for  repairing  the  fortifications 
of  the  [own,  or  mending  the  roads.  During  these  excava- 
I  the  beginning  of  the  century,  a  great  many  bones 
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of  animals  had  been  dug  up  and  sent  to  Cuvier  at  Paris; 
and  he  stated  that  some  of  them  belonged  lo  animals 
slightly  different  from  any  now  living,  though  not  so  ancient 
as  those  which  came  from  under  Paris  (see  jj.  420).  This 
showed  that  these  beds  of  gravel  must  have  been  fonncd 
long  before  the  times  of  history  or  the  earliest  ages  in  which 
man  was  supposed  to  have  been  upon  the  earth.  People, 
therefore,  were  much  astonished  when  M.  Boucher  de 
Perthes  stated  in  1847  that  he  had  found  very  rough  stone 
weapons  in  these  beds,  such  as  savages  might  use,  seeming 
to  prove  that  men  must  have  been  living  at  the  same  time 
as  these  extinct  animals. 

This  seemed  so  incredible  that  scientific  men  would  not 
even  listen  to  Boucher  de  Perthes'  arguments  in  his  work 
called  '  Antiquilds  Celtiques,'  and  it  was  not  till  1858,  when 
one  of  our  best  living  geologists,  Mr.  Preslwich,  went  to 
Abbeville  and  look  a  well-shaped  flint  hatdiet  out  of  the 
undisturbed  gravel  with  his  own  hands,  that  people  began 
to  think  that  human  beings  must  have  been  living  in  the 
world  much  longer  than  had  hitherto  been  believed.  When, 
however,  this  was  once  acknowledged  to  be  true,  sever&l 
new  facts  sprang  up  to  confirm  the  theorj-.  Many  years 
before,  in  1825,  a  Roman  Catholic  priest,  the  Rev.  J.  Mac- 
Enery,  had  found  flint  tools,  with  the  bones  of  the  extinct 
elephant,  hyrena,  and  bear,  in  a  cave  called  Kent's  Hole, 
near  Torquay,  but  very  little  notice  had  been  taken  of  this 
discovery,  Now,  however,  they  were  thoroughly  studied, 
and  they  showed  clearly  that  men  who  made  rough  flint 
tools  (such  as  are  still  made  by  savages  in  many  parts  of  the 
world)  must  have  lived  in  England,  together  with  a  bear, 
an  elephant,  a  lion,  and  a  hytena,  all  of  species  which  haw 
ceased  to  exist. 

DiBOOvery    of   the   Swiss-Lake  dwellings,   1869. — 


'CH.  XL.  LAKE- DWELLINGS.  439 

Again,  in  Switzerland,  most  curious  discoveries  have  been 
made,  giving  us  proofs  of  three  distinct  periods  in  the  life  of 
mankind.  In  the  year  1853,  when  the  Swiss  lakes  were 
very  low  in  consequence  of  a  long  drought,  wooden  piles 
were  obsen-ed  to  rise  above  the  water;  and  when  these  were 
examined  by  the  Swiss  antiquarians,  it  was  found  that  they 
were  foundations  of  wooden  villages,  which  had  been  built 
by  the  inhabitants  of  Switzerland  in  past  ages.  They  stood 
some  way  out  in  the  lake,  and  must  have  been  joined  to 
the  shore  by  wooden  bridges  which  the  villagers  could  lift 
up  when  enemies  came  to  attack  them,  and  thus  become 
protected  by  the  water  surrounding  them.  Habitations  of 
this  kind  are  built  in  the  present  day  by  the  natives  of  Papua 
or  New  Guinea. 

Down  below  the  piles  in  the  mud  of  tbe  Swiss  lakes  a 
X  number  of  tools,  cooking  utensils,  bones  of  animals,  and 
burnt  bread  and  corn,  were  found ;  and  tbe  remarkable 
thing  was,  that  the  different  kinds  of  tools  showed  that  the 
villages  did  not  all  belong  to  one  age.  In  a  few,  on  the 
lakes  of  Bienne  and  Neucbalel,  iron  tools  were  buried,  show- 
ing that  when  these  villages  were  inhabited  men  knew  how 
(o  melt  iron  out  of  the  rocks  and  make  it  into  tools.  These 
villages  must  have  been  about  the  lime  of  the  Romans. 

In  others,  however,  only  bronze  tools  were  found,  and 
these  were  much  older,  because  bronze  was  used  long  before 
iron  was  discovered.  And  lastly  in  somej  tools  of  stone 
only  have  been  found,  some  beautifully  polished,  but  others 
rough  and  rude,  showing  that  the  men  who  used  them  must 
have  been  mere  savages  like  the  Australians  now ;  and  yet 
the  oldest  of  these  lake-villages  have  no  bones  of  extinct 
animals  in  them,  and  therefore  ca.nnot  be  so  ancient  as  those 
men  whose  tools  were  found  in  the  cavern  at  Torquay  and 
the  sandpits  of  Abbeville,  or  as  have  since  been  found  in 
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Denmark,  Germany,  America,  and  indeed  in  almost 
countnes. 

It  is  impossible,  without   a  knowledge  of  geology,  lo 

.ise   how  very  long  ago  these  last-mentioned  men  must 

ive  lived.     But  when  I  tell  you  that  since  their  tools  were 

;d  in  the  rocks,  there  has         i  lime  for  beds  of  immense 

Kness  to  be  laid  down  by  little,  as  the  Ganges  is 

ing  them  down  now :  for  s  of  the  French  valleys  to 

:  gradually  washed  aw  d      ai  shape  altered;  for  rivers 

to  change  their  courses,  aim  "^s',  beds  of  peat  to  grow  o\-er 

the  bottoms  of  the  vi        s :        I   more  than  all,  for  whole 

races  of  animals  whicn  c  I  to  have  died  quite  aw-ay 

from  the  face  of  the  earth,  you  may  perhaps  form  some  ide.i 

of  the  long  ages  that  man  must  have  been  upon  our  globe. 

This  history,  however,  is  so  new  and  as  yet  so  little  undei- 

stood,  that  it  cannot  be  explained  in  a  few  pages.     You  will 

find  all  the  proofs  of  it  given  in  Sir  Charles  Lyell's  work  on 

the  '  Antiquity  of  Man,'  in  which  they  were  first  collected  in 

1863 ;  and  you  must  remember  the  fact,  that  man  Is  verf 

ancient,  as  one  of  the  great  discoveries  of  the  nineteenth 

century. 


Chief  Works  tetaidud. — Lyell's  '  Priociplu  of  Geology,'  '  Eleii 
of  Geology,'  'Antiquity  of  Man;'  Lubbock's  'Prehistoric  Tim 
'  Quarterly  Geological  Journal,'  vol.  xxx.  :  Obituary  of  Agassii. 


CHAPTER    XLI. 

SCIENCE  OF  THE  NINFTEENTH  CENTURY  (CONTINUED). 

Facti  which  led  NaluraJisis  to  believe  that  the  DilTercot  Kinds  of 
Animals  are  descended  from  Common  Ancestors  —  Darwin — 
Wallace — Theory  of  NatmiU  Selection — Selection  of  Animals  by 
Men — Selection  by  Natural  Causes — Difficulties  in  Natural  History 
which  are  eiplained  by  this  Theory — Foolish  Prejudice'!  nyainsl  it. 

Facts  which  have  led  Naturalista  to  believe  that 
the  different  kinds  of  AalmalB  are  descended  &oin 
common  Ancestors. — We  now  come  to  the  first  attempt 
of  any  value  which  has  ever  been  made,  to  explain  how  the 
different  kinds  of  animals  and  plants  have  been  produced. 
This  question  is  so  very  difficult,  and  seems  so  much 
beyond  our  grasp,  that  we  find  very  few  people  throughout 
the  history  of  science  who  even  tried  to  answer  it.  Aris- 
totle, it  is  true,  remarked  that  we  can  trace  such  a  close 
resemblance  between  the  different  species,  from  the  lowest 
plant  up  to  the  highest  animal,  as  would  seem  to  show  they 
are  related  to  each  other  (p.  i6).  Bonnet,  too,  thought 
that  animals  were  developed  from  Jower  into  higher  forms 
(p.  702);  and  Lamarck,  as  we  have  seen,  boldly  suggested 
the  same  explanation  {p.  414). 

But  people  in  general  treated  these  as  mere  wild  specu- 
lations, and  were  content  to  say  that  God  had  created 
animals  just  in  the  same  way  as  they  said   that  the  stars 
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s  found  to  be  r 
different  species  and  to  say  i 
descendants  of  one  parent, 
(p.   ao8),  pointed  this  out  t 


L 


were  created  by  Him,  without  pausing  to  consider  how  Htf 

has  created  them. 

Since  the  time  of  Buffon  and  Linnjeus,  however,  many 
new  facts  had  gradually  been  brought  to  light  about  living 
animals ;  and  fossil  species  had  been  dug  out  of  the  earth, 
showing  that  many  different  fonns  had  lived  upon  our  globe, 
one  after  the  other  ;  and  these  new  discoveries  led  naiuralisU 
to  speculate  whether  some  clue  might  not  be  found  t 
explain  this  long  succession  of  living  beings. 

Then  again,  as  naturalists  spread  all  over  the  world  and 
many  new  forms  of  animals  and  plants  became  known,  il 
lore  difficult  to  separate  the 
■hich  are  and  which  are  not 
Linnteus,  as  we  have  seen 
the  case  of  plants,  and  wild 
roses  are  a  very  good  example  of  it ;  for  the  different  kinds 
run  so  much  into  each  other,  that  while  one  of  our  best 
botanists  has  divided  them  into  serenteen  sptdes,  another 
thinks  that  many  of  these  must  have  come  from  the  same 
parent,  and  that  only  five  spta'fs  can  be  distinguished. 
Again,  among  insects,  the  well-known  naturalist,  Mr.  Bates, 
has  shown  us  that  on  the  Amazons  in  South  America  il  il 
often  impossible  to  tell,  among  some  families  of  butterflies 
which  are  the  same  species  and  which  keep  apart  froni 
each  other.  Facts  like  these,  of  the  relationship  of  living 
beings,  had  long  been  forcing  themselves  upon  naturalistic 
and  this  was  one  of  the  reasons  given  by  Lamarck  fo^ 
supposing  animals  to  be  all  descended  from  a  few  »nipU 

Another  reason  was  that  curious  agreement  in  the 
bones  of  different  animals  which  had  become  more  and 
more  noticed  ever  since  the  time  of  John  Hunter,  and  which' 
Geoffroy  St.-Hilaire  insisted  upon  so  strongly.     Why  should 
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the  animals  of  one  class  (such  as  the  vertebrate  or  back- 
boned class)  be  formed  all  on  one  plan  even  to  the  most 
minute  bones ;  so  that  the  wing  of  a  bal,  the  front  leg  of  a 
horse,  the  hand  of  a  mar,  and  the  paddle  of  a  jjorpoise, 
are  all  made  of  the  same  bones,  which  have  either  grown 
together,  or  lengthened  and  spread  apart,  according  to  the 
purpose  they  serve  ?  And,  more  curious  still,  why  should 
jorae  animals  have  parts  which  aie  of  no  use  to  them,  but 
only  seem  to  be  there  because  other  animals  of  the  same 
class  also  have  them.  Thus  the  whale  has  teeth  like  the 
other  mammalia,  but  they  never  pierce  through  the  gum  ; 
and  the  boa-constrictor  has  the  beginnings  of  hind  legs 
bidden  under  its  skin,  though  they  never  grow  out.  Here 
again  it  seemed  extraordinary,  if  a  boa-constrictor  and  a 
whale  were  created  separately,  that  they  should  be  made 
with  organs  which  are  quite  useless ;  while,  on  the  other 
hand,  if  they  were  descended  from  the  same  ancestor  as 
other  reptiles  and  mammalia  who  have  teeth  and  hind  legs, 
they  might  be  supposed  to  have  inherited  these  organs; 
just  as,  for  example,  a  child  sometimes  has  a  mole  or  other 
maik  upon  its  body  in  exactly  the  same  place  as  its  great 
grandfather  had  before  it. 

Another  still  more  remarkable  fact  was  that  pointed  out 
by  Von  Baer,  that  the  higher  animals,  such  as  quadrupeds, 
before  they  are  perfectly  formed,  cannot  be  distinguished 
ftom  the  embryos  of  other  and  lower  animals,  such  as  fish 
and  reptiles.  If  animals  were  created  separately,  why  should 
a  dog  begin  like  a  fish,  a  lizard,  and  a  bird,  and  have  at 
first   parts  which  it  loses  as  it  grows  into  its  own  peculiar 

These  were  facts  entirely  belonging  to  living  creatures, 

but  now  others  sprang  up  about  fossil  species  which  were 

■  equally    puzzling      We    know    that    certain    animals    are 
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only  found  in  particular  countries  ;  kangaroos  and  pouched 
animals,  for  example,  in  Australia;  and  sloths  and  anni- 
diilos  in  South  America.  Now  it  is  remarkable  that  all  the 
fossil  quadrupeds  in  Australia  are  also  pouched  animals, 
though  they  are  of  difitrent  kinds  and  larger  in  siic  than 
those  now  living  ;  and  in  the  same  way  different  species  of 
sloths  and  annadillos  are  found  fossil  in  South  America; 
while  in  the  rocks  of  Europe  fossil  mammalia  are  found, 
only  slightly  different  in  form  from  those  which  are  living 
there  now.  Naturalists  therefore  asked  themselves  again 
— '  Would  it  not  seem  likely  that  the  living  ])ouched  animals 
of  Australia,  and  the  sloths  and  armadillos  of  America  are 
the  descendants  of  the  dead  ones  in  the  rocks,  although 
they  have  in  the  course  of  long  ages  become  rather  different 
from  them;  while  o.\en,  bears,  wolves,  etc,  are  also  the 
descendants  of  those  which  are  found  buried  in  the  rocks 
of  Europe?' 

Qradual  Succession  of  Ammals  which  have  Bp- 
pearod  upon  the  Globe. — This  seemed  still  more  likely 
as  the  study  of  geolog)-  advanced,  and  it  became  clear  ihit 
a  gradual  succession  of  higher  and  higher  animals  had 
appeared  upon  the  globe.  Thus,  in  the  oldest  rocks  con- 
taining fossils,  we  find  no  monkeys,  no  quadrupeds,  no  tep- 
tiles,  no  amphibians  such  as  our  frogs,  but  only  shells  of 
marine  animals,  and  a  few  bones  of  fishes,  of  kinds  qohe 
different  from  those  now  living. 

Then  in  rocks  above  these  we  find  the  fish  becoming 
very  abundant  and  varied,  and  higher  stiil  we  meet  with 
footprints  of  some  animal  with  feet ;  and  the  bones  of  an 
amphibian,  somewhat  like  a  frog,  are  next  found.  In  these 
times  the  fish  began  to  cease  to  be  monarchs  of  the  water, 
for  a  little   higher  up  huge  swimming   reptiles,  like 
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crocodiles  and  lizards,  but  much  larger,  have  left  their 
bones  In  the  rocks.  Next  come  reptiles  with  wings,  which 
measure  sixteen  feet  across  from  lip  to  lip,  and  we  must 
picture  these  huge  flying  lizards,  with  wings  like  bats,  roam- 
ing over  the  globe  with  no  higher  animals  to  persecute 
them. 

But  they  were  only  to  have  their  turn,  for  in  rocks  formed 
a  little  later  there  ap|)ear  two  skeletons,  one  of  a  small 
creature  half  reptile  half  bird,  about  the  size  of  a  pigeon,  and 
the  other  of  a  real  bird  with  some  of  its  feathers  still  remain- 
ing ;  and  in  beds  of  about  the  same  age  there  occurs  the 
javf  of  a  small  insect-eating  animal  something  like  an  ant- 
eater.  Birds  and  quadrupeds  therefore  had  now  begun  to 
exist,  and  soon  the  bones  of  pouched  animals  are  found,  and 
then  of  mammalia,  like  our  moles  and  shrews ;  and  from 
this  time  the  reptiles  become  smaller,  as  if  they  were  kept 
do*-n  and  gradually  destroyed  by  the  higher  animals,  and  the 
quadrupeds  become  larger  and  more  powerful ;  till,  in  those 
beds  which  Cuvier  studied  near  Paris,  we  find  the  gigantic 
elephant  and  rhinoceros-like  animals  we  sfKike  of  before ; 
while  in  beds  of  about  the  same  age  occur  the  first  bones  of 
monkeys. 

This  is  a  very  rough  sketch  of  the  order  in  which  ani- 
mals are  found  in  the  earth's  crusL  The  lower  kinds  first, 
and  then  gradually  higher  and  higher  forms  as  ihey  come 
near  to  our  own  time ;  and  if  we  could  study  them  more 
closely  you  would  see  that  in  rocks  nearly  of  the  same  age 
the  forms  arc  always  very  like  each  other,  while  the  farther 
apart  the  formations  are,  the  more  difietent  are  the  animals. 
It  is  true  that  there  are  very  few  close  links  to  be  found 
between  fossil  animals  ;  but  when  we  remember  that  nearly 
all  the  rocks  in  the  earth's  crust  are  made  out  of  others  which 
have  been  destroyed,  it  is  scarcely  wonderful  that  so  few 
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skeletons  should  be  found  of  those  that  were  once  buried, 
and  it  is  not  likely  that  many  of  these  would  be  just  the  io- 
lermediate  forms  we  want.  Still  some  have  come  to  light, 
for  a  bird-reptile  has  been  found  in  the  rocks  of  Kansas,  in 
America,  which  has  a  skeleton  like  a  bird,  but  teeth  and  jiwts 
like  a  reptile ;  and  a  reptile  has  been  dug  out  of  the  Stonts- 
field  slate  in  England,  which  Mr.  Huxley  says  must  have 
hopped  like  a  bird,  having  legs,  neck,  and  a  bird-like  head, 
while  it  had,  nevertheless,  teeth  like  a  reptile.  Again,  horses 
have  been  found  in  the  rocks  of  America  which  have  seia- 
rate  toes,  and  others  in  which  the  toes  are  beginning  W 
grow  together,  showing  how  ihey  may  have  been  gradually 
altered  into  our  one-toed  horse. 

And  here  again,  those  who  studied  fossil  animals  asked 
why  these  forms  should  succeed  each  other,  gradually 
ing  on  into  the  living  forms  of  our  own  day,  which  are  SB 
slightly  altered  copies  of  these  fossils  of  the  rocks  i 

How  can  Flant^s  and  Animals  have  become  alteredf 
^It  was  questions  such  as  these  which  seemed  to  call  foe 
answers,  and   to   find   none  except  the   one   proposed  by 
Lamarck ;   namely,  that  the  different  kinds  of  aninials 
all  descended  from  a  few  simple  forms.      If  this  were  so,  t1 
it  would  be  quite  natural  that  higher  and  higher  forms  should. 
appear  gradually  upon  the  earth,  and  Ihal  the  kinds  m 
alike  should  follow  directly  upon  each  other,  those  which 
now  living  being  very  like  their  ancestors  in   the  n( 
formation  in  the  earth's  crust.     It  would  also  help  ua  tj 
understand  why  animals  of  the  same  class  should  have  tbi 
same  bones,  and  why  some  should  have  parts  remainiog  il 
their  body  which  are  no  longer  of  any  use ;  and  lastlj^  I 
would  explain  why  naturalists  have  so  much  difficulty  !l 
distinguishing  nearly  related  species. 

But  though  these  reasons  made  it  seem  very  likely  ihil 
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alt  animals  are  only  different  branches  from  one  stem,  yet 
this  could  only  be  a  mere  speculation,  unless  some  one 
could  point  out  what  has  made  them  differ  so  much  from 
each  other.  Lamarck,  as  we  have  seen,  could  not  do  this, 
and  therefore  his  suggestion  was  passed  by ;  and  it  was  not 
tilt  about  sixteen  years  ago  that  two  naturalists,  Mr.  Darwin, 
and  Mr.  Wallace,  discovered  a  law  which  is  certainly  true 
in  itself,  and  which  accounts  for  many  of  the  facts.  Their 
theory,  which  we  must  now  consider,  is  so  new  that  it  has 
been  opixised  on  all  sides,  just  as  the  Copcrnican  theory  was 
opposed  in  the  sixteenth  century,  the  circulation  of  the 
blood  in  the  seventeenth  century,  and  the  theory  of  com- 
bustion, which  overturned  phlogiston,  in  the  eighteenth 
century.  We  live  in  the  midst  of  the  discussion  about  the 
origin  of  species,  and  it  will  only  be  our  great-grandchildren 
who  will  be  able  to  talk  of  the  Darwinian  tluory  in  the  way 
in  which  we  talk  of  the  discoveries  of  past  centuries ;  but 
you  ought  at  least  to  understand  what  this  theory  is,  for  it 
forms  an  era  in  the  history  of  science. 

Darwin's  Theory  that  Natural  Seleotion  has  caused 
the  Tarioua  kinda  of  Plants  and  Animals  to  difibr 
widely  and  permanently  ftom  each  other. — The  the- 
ory of  Nalur.il  Si-'lotion,  or  the  IJanvinian  theory  as  it  is 
often  called,  has  been  chiefly  worked  out  by  a  great  living 
naturalist,  Mr.  Charles  Darwin,  who  was  born  in  1809. 
When  he  was  only  two-and-twenty,  Mr.  Darwin  went  in  her 
Majesty's  ship  '  Beagle '  to  survey  the  coast  of  South  America 
and  sail  round  the  globe ;  and  on  his  return  he  wrote  an 
account  of  the  geology  and  natural  history  of  the  countries 
he  had  visited.  He  tells  us  himself  that  even  so  early  as 
this  he  noticed  many  facts  which  seemed  to  him  to  throw 
light  on  the  difficult  question  of  the  origin  of  the  different 
species  of  plants  and  animals ;  and  he  spent  twenty  years 
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carefully  collecting  in  England  all  the  knowledge  he  could 
upon  the  subject.  But  he  did  rot  publish  it,  for  be  wanted 
more  and  more  evidence ;  and  as  Newton  waited  sbiteen 
years  for  more  convincing  proof  before  he  announced  hij 
theorj'  of  gravitation,  so  Mr.  Darwin  would  have  debved 
much  longer  than  he  did  if  a  remarkable  circumstance  had 
not  obliged  him  to  speak. 

It  happened  that  while  Mr.  Darwin  was  working  in  En|- 
land,  another  great  naturalist,  Mr.  Alfred  R-  Wallace,  who 
was  then  in  the  Malay  Archipelago,  also  thought  that  he 
had  discovered  the  way  in  which  animals  are  made  to  viij 
in  the  course  of  long  ages.  He  sent  home  a  paper  on  the 
subject,  and,  though  he  had  never  heard  of  Mr.  Darwin'i 
theory,  it  was  found  that  he  had  worked  out  the  same  resnh, 
sometimes  almost  in  the  same  words. 

Sir  C.  Lyell  and  Dr.  Hooker  of  Kew  were  so  much 
struck  with  the  fact  that  these  two  men  had  solved  the 
problem  almost  precisely  in  the  same  way,  that  they  b^ed 
Mr.  Darwin  to  allow  one  of  his  papers,  written  many  yeais 
before,  to  be  published  with  Mr,  Wallace's,  and  the  two 
essays  were  read  the  same  evening,  July  i,  1858,  at  the 
Li nncean  Society.  A  year  later,  in  November  1859,  Mr.  Dar- 
win's famous  work,  '  The  Origin  of  Species,'  was  published 

'  The  Theory  of  Natural  Selection,'  or  the  choosing  out 
by  natural  causes  of  those  plants  and  animals  which  are 
best  fitted  to  live  and  multiply,  rests  upon  a  few  simple  (acts 
which  you  can  understand. 

Firstly,  all  living  beings  multiply  so  rapidly  diat  there 
would  be  neither  room  nor  food  enough  upon  the  earth  for 
them  if  they  were  all  to  live;  therefore  immense  numben 
must  die  young,  and  those  wilt  live  the  longest  and  tuK 
children  to  follow  them  who  are  best  fitted  for  the  kind  of 
life  they  have  to  lead. 
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Secondly,  no  two  living  beings  are  ever  exactly  alike ; 
but  children  always  inherit  some  of  the  characters  of  their 
parents,  so  that  if  any  being  has  a  pecuUarity  which  makes 
it  better  fitted  for  its  life,  and  consequently  lives  long  and 
has  a  large  family,  some  of  its  descendants  will  raost  likely 
inherit  that  peculiarity. 

Now  it  is  not  difficult  to  understand  that  if  useful 
peculiarities  of  different  kinds  are  handed  down  in  this  way 
from  parent  to  child,  those  who  inherit  them  will  in  time 
begin  to  be  remarkable  for  different  qualities.  For  example, 
suppose  that  m  a  nest  of  young  birds,  one  with  strong  wings 
lives  and  has  young  because  it  can  fly  far  and  get  food, 
while  another  also  lives  and  has  yoimg  because  its  feathers 
are  dark,  and  the  hawks  cannot  see  it  in  the  grass.  Then 
those  descendants  of  the  strong-winged  bird  which  also 
have  strong  wings,  will  be  most  likely  to  hve  on  in  each 
generation,  and  will  pass  on  (his  peculiarity  to  their  children  ; 
while  the  descendants  of  the  dark-coloured  bird  will  also  sur- 
vive in  each  generation  exactly  in  proportion  as  their  plum- 
age is  adapted  to  hide  them ;  and  thus  the  strong-winged 
birds  and  the  dark-winged  birds  will  in  time  become  very 
different  from  each  other.  This  is  roughly  the  theory  of 
'  Natural  Selection  ;'  that  nature  allows  only  those  animals 
to  live  which  in  some  way  escape  the  dangers  which  threaten 
iheir  neighbours,  and  thus  in  time  the  race  becomes  altered 
to  suit  the  life  it  has  to  lead. 

There  is  only  one  difficulty.  It  is  clear  that  the  strong- 
winged  birds  must  not  pair  with  the  dark-winged  birds,  or 
otherwise  both  peculiarities  would  come  out  in  the  young 
birds,  and  the  two  kinds  would  no  longer  remain  distinct. 
And  this  is  the  one  stumbling-block  in  the  theory;  we 
have  never  yet  been  able  to  rrace  out  two  varieties  of  an 
animal  which  have  become  so  different  that  they  do  not  pair 
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together.  You  should  fix  this  difficulty  firmly  in  your  mind, 
because  it  is  almost  the  only  real  one  we  shall  meet  with. 
Mr.  Darwin's  answer  to  it  is,  that  we  have  only  watched 
plants  and  animals  for  such  a  short  time,  and  even  then  not 
with  this  idea  in  our  minds,  so  that  we  are  not  likely  to 
have  found  a  case  to  help  us.  It  has  indeed  been  obsen-ed 
that  animals,  if  left  free  to  choose,  do  often  [jair  with  those 
which  resemble  themselves,  and  do  in  some  cases  show  a 
dislike  to  those  that  differ ;  still  this  is  not  proved  to  be 
always  the  case,  and  it  must  be  acknowledged  to  be  a 
difficulty. 

Seleation  of  Animala  by  Uan. — But  now  setting  this 
aside,  let  us  see  what  proof  there  is  that  animals  varj-,  and 
that  they  can  be  picked  out,  so  that  any  peculiarity  may  be- 
come stronger  in  each  succeeding  generation.  The  best 
instance  is  in  pigeons.  All  our  pigeons  come  from  the 
common  wild  rock-pigeon ;  and  the  way  in  which  all  our 
piouters,  fan-tails,  barbs,  and  other  pigeons  have  been  pro- 
duced, is  by  merely  picking  out  from  the  young  ones  those 
which  had  either  large  crops,  or  wider  tails,  or  longer  beaks, 
and  pairing  them  together,  so  that  the  young  birds  had  these 
peculiarities  still  more  strongly.  The  same  thing  is  true  of 
our  different  kinds  of  oxen,  sheep,  horses,  and  fowls ;  so 
see  clearly  that  different  varieties  can  be  produced  by  choos- 
ing  out  particular  animals.  Man  does  this  quickly,  because 
he  only  attends  to  one  peculiarity,  which  interests  him  ;  but 
nature  does  it  very  slowly,  because  no  animal  can  live  imleas 
every  part  of  it  is  fitted  for  Its  life  better  than  in  those  which 
are  killed  off. 

Selection  by  ITatural  Oatues, — Now  Mr.  Wallace  has 
calculated  that  one  pair  of  birds  having  four  young  ones  1 
year,  would,  if  all  their  children,  grandchildren,  and  great- 
grandchildren, lived  and  were  equally  prolific,  produce  about 
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two  thousand  million  descendants  in  fifteen  years.  And  Mr. 
Huxley  tells  us  that  a  single  plant  producing  fifty  seeds  a 
year  would,  if  unchecked,  cover  the  whole  globe  in  nine  years, 
and  leave  no  room  for  other  plants. 

It  is  clear,  therefore,  that  out  of  these  numbers  millions 
must  die  young,  and  it  is  only  the  most  fitted  in  every  way 
that  can  live  and  multiply.  One  example  from  Mr,  Darwin's 
book  will  show  you  how  complicated  the  causes  are  which 
determine  what  jjarticular  kinds  shall  flourish.  He  tells  us 
that  the  heartsease  and  the  Dutch  clover,  two  common 
plants,  can  only  form  their  seeds  when  the  pollen  is  carried 
from  flower  to  flower  by  insects.  Humble-bees  are  the  only 
insects  which  visit  these  flowers,  therefore  if  the  humble-bees 
were  destroyed  in  England  there  would  be  no  heartsease  or 
Dutch  clover. 

Now  the  common  field-mouse  destroys  the  nests  of  the 
humble-bee,  so  that  if  there  are  many  field-mice  the  bees 
will  be  rare,  and  therefore  the  heartsease  and  clover  will  not 
flourish.  But  again,  near  the  villages  there  are  very  few 
field-mice,  and  this  is  because  the  cats  come  out  into  the 
fields  and  eat  them  ;  so  that  where  there  are  many  cats 
there  are  few  mice  and  many  bees,  and  plenty  of  heartsease 
and  Dutch  clover.  Where  there  are  few  cats,  on  the  con- 
trary, the  mice  flourish,  the  bees  are  destroyed,  and  the  plants 
cease  to  bear  seed  and  to  multiply.  And  so  you  see  that  it 
actually  depends  upon  the  number  of  cats  in  the  neighbour- 
hood how  many  of  these  flowers  there  are  growing  in  our 
fields. 

But  now  let  us  suppose  for  a  moment  that  among  the 
field-mice  there  are  some  whose  skin  has  a  slightly  peculiar 
smell,  so  that  the  cats  do  not  eat  them  when  they  can  find 
Others.  Clearly  these  mice  would  live  longest  and  have 
most  ofispring  -,  and  of  these  again,  those  with  strong  smell- 
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ing  skins  would  live ;  and  so  after  a  time  a  new  race  of  mice 
would  arise  which  would  be  independent  of  the  cats,  and  [he 
bees  would  have  a  poor  chance  of  living,  and  consequently 
the  flowers  of  bearing  seeds. 

But  this  might  in  the  end  give  rise  to  quite  a  new  race 
of  plants,  for  it  is  believed  that  some  moths  would  visit  the 
clovers,  only,  as  Mr.  Darwin  points  out,  they  are  not  heavy 
enough  to  weigh  down  the  petals  of  the  flowers  so  as  to 
creep  inside  them.  But  as  no  two  flowers  are  ever  exactly 
alike,  it  is  very  likely  that  the  petals  of  some  blossoms  will 
droop  a  little  more  than  in  the  others,  and  so  if  the  bees 
became  scarce,  these  blossoms  with  drooping  petals  might 
live  on,  because  the  moths  could  creep  into  tbem  and  carry 
their  pollen  from  flower  to  flower;  and  thus  a  new  race  of 
clover  with  drooping  petals  might  spring  up  independent  of 
the  cats,  the  mice,  and  the  bees,  and  would  become  a  ne» 
species. 

You  must  especially  notice  in  this  imaginary  example 
that  it  is  only  useful  variations  which  can  be  passed  on 
from  generation  to  generation.  If  the  smell  of  the  mice 
(which  would  probably  come  from  some  peculiarity  in  the 
pores  of  the  skin)  did  not  preserve  them  from  the  cats,  the 
strong-smelling  mice  would  not  live,  and  a  peculiar  race 
would  not  arise ;  in  the  same  way,  if  the  drooping  leaves  of 
the  clover  did  not  enable  the  moihs  to  enter,  those  plants 
would  die  out  like  the  others.  And  this  is  one  of  the  most 
striking  facts  which  Mr.  Darwin  has  pointed  out ;  namely, 
that  no  variation  will  continue  and  increase  from  generation 
to  generation  unless  it  is  useful  to  the  plant  or  animal  which 
possesses  it ;  so  that  if  this  theory  be  true,  every  beautiful 
colour  which  we  admire  in  animals  and  plants,  every  minute 
detail  in  their  form  and  structure,  is  not  only  to  be  admircil 
for  its  beauty,  but  because  it  is  an  evidence  of  ih.il  won- 
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derftil  harmony  of  nature  which  keeps  every  part,  however 
insignificant,  exactly  fitted  to  do  its  work  in  the  one  great 
scheme  of  creation. 

DifflcultiBB  in  ITatural  Hifltory  explained  by 
Natural  Saleotion. — And  now,  if  we  adopt  Mr.  Darwin's 
explanation,  you  will  see  how  St.-Hilaire  and  Cuvier  could 
both  be  right  when  the  former  said  that  all  animals  are  formed 
on  one  plan,  and  the  latter,  that  each  part  of  an  animal  is 
exactly  fitted  to  work  hannoniously  with  the  rest  of  its  body. 
For  if  animals  have  been  gradually  altered  the  one  from  the 
other,  it  is  natural  they  should  all  be  made  on  one  plan ; 
as,  for  instance,  if  the  ancestor  of  the  bat,  millions  of  years 
ago,  was  also  the  ancestor  of  those  animals  out  of  which  the 
horee  has  come,  then  the  bones  of  the  bat's  wing  may  well 
be  similar  to  those  of  the  horse  ;  while,  on  the  other  hand, 
if  no  variation  can  become  fixed,  and  develop  into  import- 
ant parts  or  organs  unless  it  is  useful,  it  is  clear  that  all  the 
parts  of  an  animal  must  have  been  gradually  modified  so  as 
to  fit  each  other  and  to  work  in  the  best  possible  way  for 
its  well-being.  Again,  it  explains  why  the  ]i\-ing  animals  in  a 
country  should  be  of  the  same  class  as  those  found  fossil  in 
the  earth,  though  slightly  different  from  them.  For  if  in 
Australia  the  ancestors  were  pouched  animals,  it  must  take 
a  very  long  time  before  their  descendants  could  be  anything 
else,  although  they  might  begin  to  difll'er  in  many  points  of  a 
less  fundamental  nature. 

Lastly,  it  enables  us  to  understand  why  we  find  the  lower 
forms  of  life  in  the  oldest  rocks,  and  why  gradually,  as 
animals  multiplied  and  the  struggle  for  life  became  greater, 
more  and  more  complicated  forms  should  arise,  from  the 
improvement  and  inheritance  of  specially  useful  parts;  so 
that  the  higher  animals  have  a  greater  number  of  different 
I  fiarts  to  perform  different  actions,  just  as  a  civilised  country  a 
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with  a  great  number  of  skilled  people  in  it  has  men  of 
diflerent:  trades  and  proressions,  one  to  brew  and  one  to 
bake,  one  to  dig  the  ground,  and  to  grow  cotton  and  flai^ 
and  another  to  weave  them  into  gannents. 

This  will  give  you  a  very  small  glimpse  of  some  of  the 
apprent  anomahes  which  are  explained  by  the  theory  of 
natural  selection.  The  subject  Is  so  difficult  to  understand 
thoroughly,  that  you  must  not  exi^ect  to  have  more  than  a 
slight  notion  of  it,  and  must  be  content  for  the  present  with 
knowing  that  our  greatest  living  naturalists,  who  have  made 
a  careful  study  of  living  and  fossil  animals  and  plants,  all 
believe  it  to  be  true. 

And  as  this  is  so,  it  is  extremely  foohsh  to  be  prejudiced 
against  it,  as  some  people  are,  by  the  idea  that  animali 
formed  in  this  way  can  be  less  God's  creation  than  if  they 
were  made  in  any  other  way.  The  whole  history  of  science 
teaches  us  that  men,  in  all  ages,  have  constantly  taken  false 
alarm  when  it  has  been  shown  that  God's  ways  are  not  our 
ways,  and  that  the  universe  is  governed  by  far  wider  and 
more  constant  laws  than  we  had  imagined  in  our  little 
minds.  But  in  the  same  way  as  the  planets  are  none  the 
le.ss  held  in  God's  hand  because  we  now  know  that  it  is  bjr 
the  law  of  gravitation  that  He  governs  their  movements,  so 
every  plant  and  animal  must  be  equally  His  creation,  in 
whatever  way  they  have  been  developed.  Above  and  be- 
yond all  these  laws  which  we  can  trace  there  remains  erer 
the  One  Great  and  Supreme  Creator  whom  Anaxagoras  wof- 
ship|>ed  instead  of  the  heathen  gods  of  Greece  (sec  p.  14), 
when  his  fellow-countrymen  condemned  him  as  an  unbe- 
liever because  he  believed  not  in  many,  but  in  One  God 

A  humble,  earnest  spirit  seeking  knowledge  must  indeed 
find  in  modern  science  a  deep  revelation  of  the  Unity  and 
Unchangeable n ess  of  the  Creator.     Instead  of  many  widely 
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different  sciences  standing  each  alone,  which  the  great  men 
of  earlier  centuries  worked  out,  we  are  beginning  to  be  able 
to  discern  one  constant  power  working  through  them  all ; 
while  still  new  fields  of  discovery,  such  as  that  which  spec- 
trum analysis  has  only  lately  opened  out  to  us,  help  us  to 
bear  in  mind  how  little  we  know,  and  how  much  more  vast 
than  anything  that  we  can  imagine  must  be  the  great  scheme 
of  Creation  which  is  being  worked  out  around  and  within  us. 


Chuf  Works  consulted, — Darwin,  *  Origin  of  Species  ; '  Wallace, 
'Natural  Selection;'  Huxley,  'Lectures  to  Working  Men;*  Lyell, 
'  Principles  of  Geology.' 
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CENTtJRY  (CONTINrED), 

M  of  He.veDly  Bodies-Lever- 
Is— Molecular  Theory  of  Gosa 
-Discoveries  by  Crookes-^Ad- 

We  have  now  arrived  nearly  at  the  end  of  the  wonderful  story 
of  how  man  has  slowly  progressed  in  his  efforts  to  understand 
the  laws  of  nature.  The  advances  which  have  been  made 
in  the  various  branches  of  science  during  the  last  fifty  yeais 
have  been  so  vast  that  it  must  be  many  years  before  they  can 
find  their  relative  place  in  a  history  of  science.  Yet  it  may 
be  useful,  in  conclusion,  to  cast  a  parting  glance  upon  the 
nature  of  the  work  that  has  been  performed,  even  if  it  only 
serves  to  help  us  to  realise  the  importance  of  the  problems 
which  are  occupying  the  great  scientific  minds  of  our  day. 

In  astronomy,  the  ever-increasing  perfedion  of  the  appa- 
ratus has  led  to  important  results.  Self-registering  instru- 
ments are  now  at  work  in  the  observatories  of  every  part  of 
the  world,  which  record  in  a  permanent  form  phenomena 
which  had  formerly  to  be  registered  at  intervals  by  observers, 
who,  however  well  trained,  were  liable  to  make  mistakes. 
Clockwork  regulates  the  movements  of  the  telescope  itself, 
while  microscopes  enable  the  observer  to  read  off  the  most 
delicate  measurements.     And,  what  is  of  still  greater  impoit- 
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ance,  photographs  are  now  being  "obtained  of  passing  astro- 
nomical phenomena.  Thus  photographs  were  taken  of 
the  ingress  and  egress  of  Venus  during  the  late  transit,  and 
though  these  were  imperfect,  yet  there  is  little  doubt  that 
such  attempts  will  be  successful  in  the  end.  Hourly  photo- 
graphs are  also  now  being  taken  of  the  sun  whenever  it  is 
visible,  thus  affording  a  permanent  record  of  all  the  changes 
taking  place  in  it,  while  Mr,  Rutherford's  beautiful  photo- 
graphic pictures  of  the  moon  render  us  familiar  with  all  the 
details  of  its  surface. 

Again,  the  construction  of  large  achromatic  lenses  (see 
p.  166),  has  enabled  magnificent  refracting  telescopes  to  be 
made,  with  which  most  exact  observations  are  taken.  The 
finest  refracting  telescope  in  the  world  is  that  of  the  United 
States  Naval  Observatory,  Washington,  with  an  aperture  of 
twenty-six  inches,  while  one  still  larger  is  being  constructed 
for  the  Vienna  Obser\'atory.  The  finest  reflecting  tele- 
scopes are  Lord  Rosse's,  of  a  six-foot  aperture,  .in d  that  of  the 
Melbourne  Observatory,  Australia,  of  a  four-foot  aperture. 

Discovery  of  new  Heavenly  Bodies,  1877-1B78. — 
With  such  instruments  as  these  many  features  of  the 
heavenly  bodies  are  observable  which  were  before  indistinct. 
On  the  nights  of  August  11  and  17,  1877.  Professor  Asaph 
Hall  discovered  with  the  Washington  telescope  two  of  the 
smallest  heavenly  bodies  (meteorites  excepted)  which  have 
ever  yet  been  seen.  These  are  two  satellites  revolving 
round  the  planet  Mars.  It  is  difficult  to  be  certain  how 
large  they  are  :  the  one  which  is  farthest  from  the  planet  is 
the  smallest,  measuring  probably,  according  to  Professor 
Pickering,  about  six  miles  across,  and  it  moves  round 
Mars  in  30  hours  17  minutes  53  seconds.  The  inner 
one  is  brighter,  and  measures  probably  about  seven  miles 
across;   its  period  of  revolution  is  7   hours  38   minutes. 
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These  two  satellites  are  named  Deinios  and  Phobos,  or  Fright 
and  Flight,  because  Homer  makes  these  attendants  upon  the 
God  of  Battle,  They  are  so  near  to  Mars  that  if  there  be 
living  beings  on  that  planet  with  eyes  and  telescopes  like 
ours,  they  will  be  able  to  tell  whether  their  moons  are  in- 
habited, for  the  inner  one  is  only  4000  miles  distant,  or 
sixty  times  nearer  to  Mars  than  our  moon  is  to  us. 

Another  important  discover)',  believed  on  good  grounds 
to  have  been  made  within  the  last  few  years,  is  that  of  one, 
and  perhaps  two,  planets  revolving  between  Mercury  and  the 
sua  We  shall  see  presently  that  Leverrier's  analysis  of  the 
planetary  orbits  points  to  a  probability  that  some  boilies  of 
this  kind  exist  nearer  to  the  sun  than  Mercury,  and  in  1859 
a  French  physician,  M.  Lescarbault,  asserted  that  he  had 
seen  a  round  body  crossing  the  sun's  disc  which  Levenief 
believed  to  be  a  planet,  and  called  by  the  name  of  VuIc^il 
During  the  ecUpse  of  the  sun  on  July  29,  1878,  Professor 
Watson  of  the  Observatory  of  Micliigan  devoted  aU  his 
attention  to  a  search  for  this  planet,  and  though  he  did  not 
find  it,  he  saw  two  other  Iwdies  which  he  beheves  to  be 
planets,  but  whose  positions  do  not  either  of  them  agree  with 
that  of  Lescarbault's  Vulcan,  so  that  if  future  observation 
confirms  these  discoveries  we  should  know  of  three  inte^ 
mercurial  planets. 

Travelliiig  Staxs  studied  by  the  Spectroeoope. — 
The  discoveries  just  mentioned  were  all  due  lo  the  tele- 
scope, but  we  have  now  another  powerful  agent  in  the  spec-  ■ 
troscope,  and  besides  the  wonderful  revelations  which  it  bat 
made  to  us  of  the  nature  of  the  sun  and  stars  (see  ppi  333- 
340),  this  instrument  is  now  actually  measuring  for  us  the 
rate  at  which  some  stars  are  travelling  towards,  and  othen 
away  from,  our  earth,  llisan  old  conjecture  that  a  star  has  a 
red  appearance  when  it  is  moving  from  the  earth,  or  blue  if 


it  is  moving  towards  it,  but  it  has  been  shown  that  unless 
this  movement  is  very  great,  the  change  of  colour  would 
not  be  perceptible  to  ordinary  observation.  The  German 
physicist,  Dopter,  in  1841,  was  the  first  to  point  out  that  the 
rate  of  movement  of  a  star  might  be  measured  by  its  change 
of  colour,  because  this  change  depends  upon  the  succession 
of  light-waves  upon  the  eye  being  more  rapid  when  a  star  is 
approaching,  and  less  rapid  when  it  is  receding.  Such  a 
change,  however,  can  only  be  rendered  perceptible  by  the 
spectroscope,  and  in  this  way  Dr.  Huggins  measured  the  move- 
ment of  Sirius  or  the  dog-star.  It  must  be  remembered  that 
the  position  of  the  Unes  which  form  the  spectrum  of  any  star 
depend  upon  the  rapidity  of  the  vibrations  of  the  rays  which 
produce  them.  Now,  if  a  star  be  coming  towards  us,  it  will 
send  more  vibrations  in  a  second,  consequently  its  colour  will 
change,  and  its  lines  move  towards  the  red  end  of  the  spec- 
trum. It  is  necessary,  therefore,  first  to  identify  some  of  the 
lines  of  a  star-spectrum  with  the  lines  of  some  substance 
such  as  hydrogen  or  sodium,  and  then  to  observe  how  far 
the  star  lines  differ  from  exact  coincidence  with  the  lines 
of  the  incandescent  gas.  Dr.  Huggins  established  by  this 
means  the  fact  that  Sirius  is  moving  away  from  our  earth 
ai  the  rate  of  about  25  miles  a  second,  after  allowing  for 
the  motion  of  our  own  solar  system  through  si^ice.  This 
method  has  now  been  applied  to  a  large  number  of  stars, 
not  only  by  Jluggins  and  others,  but  also  on  a  large  scale  at 
the  Greenwich  Observatory. 

I<eveiTier'a  Analysis  of  the  Orbits  of  the  Flonets, 
1876. — It  is,  however,  in  mathematical  astronomy  that  the 
grandest  work  has  been  accomplished  in  our  time  by  M. 
Leverrier's  analysis  of  the  movements  of  the  eight  large 
planets.  It  is  impossible  for  any  but  mathematicians 
properly  to  appreciate  this  work,  but  we  may  form  some 
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idea  of  it  by  picturing  to  ourselves  the  problem  which 
Leverrier  had  to  solve. 

We  must  first  of  all  remember  the  fact  proved  by  New- 
ton (see  p;  148),  that  not  only  does  the  sun  attraa  the 
planets,  and  the  planets  the  sun,  but  that  every  planet 
attracts  every  other  planet  in  the  solar  system.  Now.  as 
no  two  planets  revolve  round  the  sun  in  the  same  time, 
they  are  constantly  changing  their  positions  with  regard  to 
each  other,  just  as,  for  example,  the  short  and  long  hands 
of  a  clock  are  sometimes  near  together  and  sometimes  for 
apart :  only  in  the  case  of  the  planets  it  is  as  if  there  were 
eight  hands  moving,  all  at  different  rates,  and  these  rates  do 
not  bear  an  even  proportion  to  each  other.  Moreover,  the 
planets  do  not  move  all  upon  one  flat  surface,  like  the  face 
of  a  clock,  but  their  orbits  are  in  various  planes,  and  these 
planes  themselves  are  subject  to  irregular  motions,  l^astly, 
each  planet  moves  in  an  ellipse,  and  these  ellipses  vaiy  in 
different  ways.  From  this  it  arises  that  the  planets  cross 
each  other's  paths  at  very  varying  intervals,  and  are  inces- 
santly assuming  different  positions  with  regard  to  each  other. 
Now,  as  the  attraction  of  two  bodies  becomes  stronger  as 
they  approach  each  other,  it  is  clear  that  as  the  positions  of 
the  planets  vary,  their  mutual  attractions  vary  too,  and  the 
task  which  Leverrier  set  himself  was  to  calculate  all  these 
attractions,  and  thus  to  discover  the  mass  of  each  planet 
from  the  effect  which  it  has  upon  the  other  planets,  and  the ; 
effect  they  have  upon  it. 

As  our  earth  is  one  of  the  planets,  the  first  thing  was  W 
find  out  by  the  apparent  motion  of  the  sun  what  is  the  real 
path  of  our  earth  and  how  it  is  affected  by  all  the  other;^ 
and  from  this  to  go  on  to  each  of  the  planets  in  turn.  But , 
it  must  be  remembered  that  no  two  planets  can  be  studied 
as  if  they  were  alone  in  the  heavens ;  on  the  contrary,  the/ 
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are  never  free  from  the  attractions  of  all  the  other  six,  whose 
positions  are  constantly  changing,  so  that  the  movements 
cross  and  re-cross  each  other  like  the  waves  of  a  troubled  sea. 

In  order  to  disentangle  this  complicated  series  of  changes, 
it  was  necessary  to  gather  together  all  the  observations  made 
of  the  positions  of  each  planet  from  the  earliest  ages,  and 
to  combine  the  whole  mathematically  into  one  complete 
theory  in  which  all  the  movements  should  be  truly  and 
accurately  accounted  for.  This  Leverrier  undertook,  and 
it  was  in  the  course  of  his  work  that  he  found  some  move- 
ments of  Saturn  and  Uranus  which  were  not  produced  by 
any  of  the  known  planets,  and  he  was  thus  able  to  announce 
the  existence  of  the  planet  Neptune  (see  p.  304).  He  next 
found  that  Mars  and  Mercury  were  pulled  out  of  their  path 
by  some  matter  for  which  he  could  not  account.  As  far  as 
Mars  is  concerned,  this  matter  proved  to  be  upon  our  earth, 
whose  mass  had  been  reckoned  too  low,  but  in  the  case  of 
Mercury  the  cause  is  not  yet  certain,  although  the  supposed 
planet  of  Lescarbault  and  the  two  small  bodies,  observed  by 
Watson,  may  probably  help  to  explain  the  irregularity. 

With  these  and  a  few  other  trifling  exceptions,  Leverrier 
succeeded  in  1874  in  completing  his  gigantic  task,  and  in 
computing  the  position  of  the  four  most  distant  planets, 
Jupiter,  Saturn,  Uranus,  and  Neptune,  for  a  period  of  2000 
years  from  1880  at  intervals  of  500  years,  so  that  future 
astronomers  will  be  able  to  calculate  at  the  periods  2350, 
3S50,  3350,  and  3850,  whether  the  movements  of  the 
planets  have  followed  the  same  order  as  in  times  past,  or 
whether  any  disturbing  influence  has  arisen. 

FhysicB— Structure  of    Blatter. — The  allied  sciences 

of  physics  and  chemistry  are  probably,  next  to  Biology,  those 

which  have  advanced  most  rapidly  in  our  time,  and  which  are 

I  most  difiicult  to  treat  simply  and  briefly.     Familiar  as  are 
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ihe  names  of  Graham  and  Andrews,  Faraday  and  Tyndall, 
Helmholtz,  Clerk -Maxwell,  and  Sir  W.  Thomson,  yet  the 
structure  of  matter,  the  theories  of  heat,  electro-magnetism, 
and  thermo-electricity,  and  similar  subjects  in  which  their 
grandest  work  has  been  accomplished,  are  only  to  be 
thoroughly  understood  by  scientific  men. 

Perhaps  the  best  way  of  giving  some  notion  of  their  in- 
vestigations is  to  state  roughly — firstly,  that  they  have  followed 
energy.,  or  the  power  of  doing  work,  into  its  most  hidden 
forms,  detecting  its  action  among  the  particles  of  a  gas, 
measuring  it  in  the  electric  current,  and  showing  how  it  may 
be  lost  to  us  by  dissipation  (see  p.  353)  even  though  it  is  in 
itself  indestructible  ;  and  secondly,  that  they  have  succeeded 
in  measuring  not  only  the  movements,  but  even  the  size  of 
the  smallest  existing  portions  of  matter,  and  have  come 
very  near  to  telling  us  even  the  nature  of  the  atoms  of  whidi 
matter  is  composed. 

The  celebrated  Swiss  mathematician,  Daniel  Bernoulli,  in 
the  seventeenth  century,  was  the  first  to  suggest  that  gases 
are  formed  of  free  particles  or  tnolecules  in  constant  motion, 
and  that  the  pressure  of  a  gas  upon  the  sides  of  the  vessd 
containing  it  is  caused  by  the  agitation  of  molecules  withiii 
Thus,  for  example,  an  ordinary  air-ball,  if  held  near  the  fire, 
expands,  because  the  molecules  of  the  air  within  move  with 
more  energy  and  beat  with  more  force  against  the  sides  of 
the  bag  containing  them. 

In  our  time  Graham,  Joule  and  Andrews,  Clausiu% 
Clerk-Maxwell  and  Boltzmann,  Helmholtz  and  Sir  W, 
Thomson,  have  enabled  us  to  see  these  molecules  with  our 
imagination,  dashing  to  and  fro,  hitting  one  against  the  other, 
and  flying  off  in  different  directions  and  at  different  ratea 
They  have  ascertained,  for  example,  that  in  hydrogen  gas  at 
the  ordinary  temperature  and  pressure  of  our  atmosphere 
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each  molecule  of  hydrogen  is  moving  at  the  rate  of  about 
6225  feet  in  a  second,  yet  it  must  perform  all  its  motions 
in  an  incredibly  small  space,  for  it  is  constantly  striking 
against  some  other  molecule,  so  that  in  that  second  of  time  it 
rebounds  more  than  seventeen  thousand  million  times.  This 
number  of  collisions  of  the  molecules  will  always  correspond 
to  the  same  temperature  and  pressure  of  the  gas.  But  if 
more  energy  be  imparted  to  the  molecules  the  temperature 
will  rise,  for  the  more  quickly  they  dash  to  and  fro  and 
strike  each  other  the  higher  the  temperature  will  be.  When 
we  heat  a  gas  we  are  in  fact  increasing  the  energy  of  the 
molecules  and  making  them  dash  to  and  fro  more  rapidly. 
This  rebounding  of  the  molecules  is  the  reason,  as  Clausius 
showed,  why,  when  two  gases  ace  brought  together,  it  takes 
■hem  some  lime  to  mix  thoroughly,  the  new  molecules  have 
to  fight  their  way  among  those  which  are  already  in  the 
field  Dr.  Graham  had  long  before  shown  experimentally 
that  the  rale  of  diffusion  is  inversely  as  the  square  roots  of 
the  densities  of  the  gases,  and  we  now  know  that  the  vibra- 
tion of  the  molecules  themselves  is  in  this  ratio.  The 
collisions  also  explain,  as  Clerk-Maxwell  has  shown,  why 
iieai  is  conducted  so  slowly  from  one  pan  to  another  of  a 
gas.  The  molecules  which  we  make  more  energetic  by  heat 
at  one  point  hit  against  others  and  communicate  their 
energy,  and  these  again  to  others,  till  they  all  move  at 
equal  rates  and  the  gas  has  an  even  temperature  throughout 
And  now,  perhajis,  we  might  think  that,  having  arrived 
at  these  infinitesimal  movements  among  the  molecules  of 
matter,  we  had  gone  as  far  as  human  power  could  penetrate. 
But  it  is  not  so:  Loschmidt  in  1865,  Sloncy  in  1868,  and 
Sir  W.  Thomson  in  1870,  were  able,  in  following  out  the 
discoveries  of  Clausius  and  Maxwell,  to  measure  actually  the 
of  the  molecule  itsel£     They  tell  us  that  two  million 
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molecules  of  hydrogen  placed  in  a  row  would  measure  one 
millimetre,  so  that  about  50  million  would  lie  side  by  side 
in  an  inch.  Nor  is  this  all,  for  the  spectroscope  has  revealed 
that  even  these  minute  particles  are  not  mere  rigid  atoms. 
We  have  seen  (p.  332)  that  a  gas  gives  a  spectrum  of  bright 
lines  i  now  these  lines  are  caused  by  the  vibration  of  the 
]»Jts  of  the  molecule  itself,  in  consequence  of  its  having  been 
shaken  by  coming  in  collision  with  another  molecule.  Thus 
we  have  to  picture  to  ourselves  these  molecules  not  only 
dashing  to  and  fro  and  hitting  each  other,  but  each  one  of 
them  during  its  passage  between  one  concussion  and  another, 
quivering  with  the  shocks  it  receives,  and  so  giving  out  waves 
of  coloured  light,  just  as  a  bell  when  hit  gives  out  wa%'es  of 
sound.  The  study  of  these  vibrations  and  of  the  nature  of 
the  atoms  of  which  these  molecules  are  composed,  forms 
some  of  the  grandest  work  accomplished  by  Helmholtz  and 
Sir  W.  Thomson. 

Iiiquefaotion  of  the  Fermanent  Oases. — Turning 
now  from  these  wonderful  and  almost  inconceivable  results 
of  mathematical  physics  to  chemical  experiments  in  the 
laboratory,  we  learn  that  within  the  last  few  years  a  great 
victory  has  been  gained  over  those  stubborn  gases  which 
had  till  now  refused  to  be  reduced  to  liquids.  In  tSij 
Faraday  first  liquefied  chlorine  and  several  other  gases,  and 
subsequently  Dr.  Andrews,  of  Belfast,  went  still  farther,  and 
showed  the  reason  why  those  which  remained  stubborn  could 
not  then  be  overcome. 

If  we  picture  to  ourselves  a  gas  as  being  composed  of  free 
molecules  flying  about  in  all  directions,  we  can  understand 
that  if  these  are  pressed  very  closely  together  they  may 
come  sufficiently  near  to  be  held  together  by  cohesion,  and, 
in  fact,  many  gases,  such  as  chlorine,  hydrochloric  acid, 
and  ammonia,  can  be  reduced  to  liquids  merely  by  being 
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compressed  at  the  ordinary  temperature  of  our  air,  or  very 
little  below  it  But  Dr.  Andrews  has  shown  that  by  heating 
liquids  we  can  always  arrive  at  a  eriiual  p<nnt  oi  tempera- 
lure  (differing  for  different  substances),  at  which  no  amount 
of  pressure  will  keep  them  liquid.  If  we  heat  a  liquid 
with  its  vapour  in  a  sealed  tube,  as  we  arrive  near  to  this 
particular  temperature  the  surface  of  ihe  liquid  loses  its 
natural  curve  in  the  centre,  and  flattens  more  and  more, 
thus  showing  that  the  molecules  are  held  together  less  and 
less  firmly,  until  at  the  critical  point  the  force  of  cohesion 
loses  its  power  altogether,  and  the  whole  contents  of  the 
lube  become  vapour,  In  fact,  the  energy  of  movement  of 
the  molecules  has  become  so  great  that  it  quite  overcomes 
the  attraction  which  each  molecule  has  for  the  other,  and  so 
long  as  the  vapour  is  kept  at  this  temperature,  no  amount 
of  compression  will  force  it  to  become  a  liquid.  Thus,  for 
example,  carbonic  acid  at  a  temperature  of  35'5°  Cent. 
may  be  compressed  under  108  times  the  weight  of  our 
atmosphere,  till  430  pints  of  it  are  forced  in  a  vessel  only 
holding  one  pint,  and  yet  it  will  remain  unliquefied.  But 
directly  it  is  reduced  below  30-92°  Cent.,  which  is  its  criltcal 
paint,  the  molecules  do  not  move  with  sufficient  energy  to 
resist  cohesion,  and  the  vajxiur  becomes  liquid  at  once  with- 
out suddenly  changing  ils  volume  or  giving  out  any  heat. 

Now  those  gases,  oxygen,  hydrogen,  and  nitrogen,  which 
were  called  '  permanent'  gases,  have  each  their  '  critical 
point,'  so  enormously  below  all  ordinary  temperatures  that 
no  one  until  December  1877  had  succeeded  in  obtaining 
cold  and  pressure  enough  to  reduce  them  to  Uquids.  But 
in  that  month  M,  Raoul  Pictet,  of  Geneva,  and  M.  Cailletct, 
an  iron-founder  at  Chatillon  sur  Seine,  were  fortunate  enough 
to  liquefy  oxygen,  each  of  them  independently  of  the  other, 

M,    Cailletet   put   his  oxygen   in  a  small  tube   under 
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enormous  pressure,  surrounded  it  by  a  freezing  mixture,  and 
then  let  it  suddenly  escape  from  the  tube.  The  gas,  already 
intensely  cold  (29°  below  0°  Cent),  became  so  much 
colder  by  expanding  as  it  rushed  out,  that  it  liquefied  into 
minute  drops,  giving  the  appearance  of  a  mist  M.  Pictet 
had  a  more  elaborate  apparatus,  in  which,  by  a  double  pro- 
cess of  freezing,  by  means  of  sulphurous  acid  and  carbonic 
acid,  he  obtained  a  cold  of  140°  Cent,  below  the  freezing 
point,  while  he  exerted  a  pressure  upon  the  gas  6go  times 
greater  than  the  pressure  of  our  atmosphere.  He  then 
opened  the  stop-cock,  and  tbe  oxygen,  set  free,  shot  out  in 
a  liquid  stream. 

The  next  step  was  made  by  M.  Cailletet  on  the  last  day 
of  1877,  when  he  compressed  not  only  nitrogen  and  hydro- 
gen, but  also  atmospheric  air  into  liquids,  before  the  leading 
scientific  men  of  Paris.  The  nitrogen  appeared  in  drops, 
but  the  hydrogen  only  as  a  faint  mist.  Lastly,  M,  Pictet 
on  January  ii,  1878,  under  a  pressure  650  times  that  of 
our  atmosphere,  and  with  a  cold  of  170°  C,  obtained  a  jet 
of  liquid  hydrogen,  which  became  partly  solid  and  struck  on 
the  floor  with  '  the  shrill  noise  of  metallic  hail,"  thus  con- 
firming the  idea  first  suggested  by  Faraday,  that  hydrogen 
is  a  metal.  These  experiments  have  removed  the  last 
barrier  between  gases  and  vapours,  and  we  now  know  that 
all  substances  only  require  suitable  conditions  to  take 
either  of  the  three  forms  of  solid,  liquid,  or  gas.  Thus  M. 
Cailletet  and  M.  Pictet  have  abolished  the  belief  in  '  per- 
manent gases.' 

Matter  in  an  XJltra^gaaeonfl  Stat«. — Nature,  however^ 
is  always  ready  to  offer  new  problems  as  fast  as  old  ones 
arc  solved,  and  in  the  very  same  year  in  which  the  g»s« 
were  conquered  at  the  one  end,  where  they  approach  liquid% 
they  have  been  shown  by  Mr.  Crookes  to  present  Bome 
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most  perplexing  facts  at  the  other  end  of  the  scale,  where 
they  become  comparatively  poor  in  molecules  as  in  a  so- 
called  vacuum  (see  p,  120).  It  is  well  known  that  even 
iti  the  most  perfect  vacuum  which  we  can  obtain  in  a  glass 
tube  an  enormous  number  of  molecules  of  gas  or  air  always 
remain,  and  it  is  in  consequence  of  the  movements  of  these 
molecules  under  the  influence  of  light  or  heat  that  a  kind  of 
windmill  can  be  made  to  turn  inside  those  curious  glass 
bulbs,  called  by  Mr.  Crookes,  '  radiometers,'  He  has  now 
shown  that  in  very  high  vacua — about  the  millionth  of  an 
atmosphere — in  consequence  of  there  being  comparatively 
few  molecules  in  the  bulb,  their  mean  free  path  is  long 
enough  to  enable  them  to  travel  across  without  materially 
interfering  with  each  other.  In  ihis  free  state  most  curious 
effects  are  produced  by  currents  of  electricity.  The  mole- 
cules driven  from  the  negative  pole  hit  with  such  force 
against  the  glass,  that  they  make  it  glow  with  phosphor- 
escence, and  substances  such  as  the  diamond  and  the  ruby, 
which  are  scarcely  phosphorescent  under  ordinary  circum- 
stances, if  placed  in  the  path  of  these  molecules,  shine  with 
extraordinary  brilliancy.  But  the  point  of  most  importance 
is  that  the  gas  at  this  high  exhatistion  behaves  quite  differ- 
ently from  ordinary  gases,  owing  probably  to  the  greater 
freedom  of  molecular  action,  and  Mr.  Crookes  believes  that 
it  wiE  be  found  to  form  a  fourth  state  of  matter,  as  distinct 
from  the  gaseous,  as  the  gaseous  is  from  the  liquid  state. 
The  study  of  the  electrical  phenomena  in  vacuum  tubes  is 
still  in  its  infancy,  but  it  may  be  that  those  who  come  after 
us,  may  look  upon  it  as  one  among  the  greatest  advances 
in  science  made  in  our  century. 

It  may  perhaps  seems  strange  that,  while  speaking  of 
these  discoveries  of  theoretical  interest  in  physics,  we  omit  the 
description  of  the  numerous  inventions  which  have  been 
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crowding  upon  us  in  the  last  few  years,  such  as  the  phono- 
graph, the  microphone,  and  the  electric  light,  but  it  must 
be  remembered  that  these  are  not  strictly  new  discoveries 
in  science,  but  applications  of  principles  already  discovered 
Though  of  surjiassing  interest,  they  must  be  studied  in 
detailed  works,  or  find  their  place  in  a  history  of  inventions. 
The  last  fifty  years  have  been  essentially  a  period  of  the 
application  of  scientific  knowledge  to  practical  life,  and  if 
any  justification  were  needed  of  the  study  of  pure  science, 
it  may  easily  be  found  In  the  fact  that  our  railways,  our 
telegraphs,  ont  steamships,  our  manufactures,  which  have 
done  so  much  for  the  prosperity  of  England,  are  all  the 
results  of  scientific  principles  studied  at  first  for  their  own 
sake,  and  many  of  them  apparently  as  far  removed  from  the 
affairs  of  daily  life  as  the  molecular  theory  of  gasee,  or 
the  question  as  to  an  ultra-gaseous  state  of  matter. 

With  regard  to  pure  chemistry,  we  can  add  but  little  of 
general  interest  to  what  has  been  given  in  Chapter  XXXVTI. 
This  is  not  because  abundant  work  has  not  been  done, 
but  because  technical  knowledge  is  required  to  urtderstand 
it  We  have  already  said  that  the  chemistry  of  organic 
compounds  has  become  a  most  important  branch  of  chemis- 
try, since  it  has  been  shown  that  many  of  the  substances 
supposed  to  be  peculiar  to  living  bodies  can  be  made  arti- 
ficially in  the  laboratory.  It  has,  in  fact,  opened  the  way 
for  a  far  more  real  knowledge  of  the  effects  of  medicine, 
of  the  working  of  poisons,  of  the  chemical  action  of  food 
in  the  body,  and  of  many  conditions  of  health  and  disease, 
for  if  the  physician  can  know  the  actual  chemical  changes 
produced  within  the  body  with  great  accuracy,  he  is  no 
longer  working  in  the  dark,  as  he  was  when  he  could  merely 
judge  by  outward  effects.  In  quite  another  branch,  less 
important,  but  still  of  great  interest,  the  chemistry  of  organic 
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compounds  has  been  most  useful.  It  has  led  to  the  dis- 
covery of  all  the  beautiful  colouring  matters  which  are  now 
prepared  both  from  living  plants  and  from  the  coal-tar  which 
comes  from  plants  of  bygone  ages. 

It  would  be  impossible  to  give  a  Ust  even  of  the  leading 
chemists  of  the  present  day.  Wohler,  GrEbe,  Hoffmann, 
Wiirtz,  Frankland,  and  Williamson,  are  only  a  few  among 
equally  illustrious  names,  and  i[  must  yet  be  many  years 
before  a  fair  sketch  could  be  given  of  the  history  of  the 
chemistry  of  the  organic  compounds  ;  but  we  may  be  sure 
that  such  a  future  historian  will,  as  Dr.  Andrews  has  said, 
'  have  to  record  a  succession  of  beneficent  triumphs,  in 
which  the  effects  of  science  have  led  to  results  of  the  highest 
value  to  the  wellbeing  of  man.' 

Botany. — \n  the  subject  of  botany  great  strides  have 
been  made  in  our  time,  especially  in  the  history  of  the 
growth  and  physiology  of  plants.  Besides  the  (acts  given 
at  pp.  402.405,  the  minutest  details  concerning  cells  and 
the  growth  of  the  cell-wall  have  been  worked  out  by 
Nageli,  Sachs,  and  others ;  while  by  means  of  the  spectro- 
scope, Mr.  Sorby  has  been  able  to  estamine  even  the  colour- 
ing matter  in  plants,  and  to  show  something  of  the  pan  it 
plays  in  plant-life.  Again,  the  nature  of  the  food  of  plants, 
and  the  way  in  which  they  digest  it  and  form  their  sap,  has 
been  treated  with  the  greatest  nicety. 

With  regard  to  the  food  of  plants,  some  curious  facts 
have  been  established  of  late  years  by  Mr,  Darwin,  showing 
that  some  plants,  such  as  the  Dionaea,  the  Drosera  or  sun- 
dew, and  the  Pinguicula,  actually  feed  upon  the  juices 
of  insects  and  other  small  animals  which  they  enclose  in 
their  leaves.  As  long  ago  as  176S  an  English  botanist 
named  Ellis  pointed  out  that  the  leaves  of  the  Dionaea 
close  over  any  unfortunate  insect  which  alights  upon  them. 
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and  cover  it  with  a  sticky  fluid,  and  Dr.  Curtis,  in  1834, 
showed  that  this  fluid  acts  like  the  gastric  juice  of  an 
animal  in  digesting  and  dissolving  the  animal  matter. 
Within  the  last  few  years,  however.  Dr.  Burden  Sander- 
son and  Mr.  Darwin  have  added  a  great  deal  to  our 
knowledge  of  these  carnivorous  plants.  It  seems  that  even 
the  Ughtest  gnat  resting  on  the  glands  of  the  leaves  of  one 
of  these  species  excites  the  minute  hairs  with  which  they  are 
covered  and  causes  the  leaf  to  close,  and  Dr.  Sanderson  has 
shown  that  the  same  kind  of  electrical  current  is  set  up  in 
the  leaf  by  this  movement,  as  occurs  in  our  own  muscles 
when  they  contract.  The  glands  of  the  leaf  next  begin  to 
pour  out  a  sticky  fluid,  which  dissolves  the  substances  of 
the  insect  in  just  the  same  proportions  and  in  the  same, 
manner  as  the  gastric  juice  of  our  stomach  dissolves  the 
substances  in  our  food,  and  lastly,  when  the  leaf  unfolds,  and 
the  tentacles  or  little  hairs  rise  up  again,  letting  the  reftise  of 
the  dead  insect  drop,  the  glands  cease  to  give  out  the  fluid 
until  another  insect  is  caught  and  the  process  begins  agaia 
The  whole  history  of  these  carnivorous  plants,  though  they  are 
exceptional  in  the  vegetable  kingdom,  is  one  of  the  most  in- 
teresting that  can  be  imagined,  and  forms  another  unexpected 
link  between  the  nature  of  plants  and  animals. 

Lastly,  we  cannot  leave  the  subject  of  botany  without 
mentioning  the  most  important  and  interesting  discoveries 
made  in  our  day  about  the  formation  of  seeds  and  spores, 
and  the  whole  question  of  fertilisation.  We  have  seen 
liow  Sprengel  first  pointed  out  the  use  of  the  visits  of 
insects  to  flowers,  but  even  he  could  have  had  no  con- 
ception of  the  marvellous  inter-independence  of  plants 
and  insects  which  has  now  been  shown  to  exist  by  Her- 
mann Muller,  Mr.  Darwin,  Kerner,  and  others,  proving 
that  even  the  minutest  hairs  and  prickles  on  a  plant  have 
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a  meaning  m  inviting  one  insect,  or  keeping  off  another, 
while  almost  all  the  beauliful  colours  and  curious  forms  of 
flowers  serve  the  same  purpose.'  Nor  has  the  study  of  the 
seed-cases  of  the  ferns  and  mosses  proved  less  interesting, 
ftw  here  the  microscope  reveals  a  wholly  unsuspected  his- 
tory of  fertilisation  carried  on  by  organs  so  minute  that  they 
were  almost  disregarded  by  the  older  botanists.  These 
organs  have  now  been  made  the  objects  of  special  study 
by  such  men  as  Eomet,  Thuret,  Schimper,  de  Bary,  and 
others,  and  they  form  in  themselves  almost  a  separate  branch 
of  science.  All  these  studies  have  grown  up  of  late  years, 
together  with  a  wonderful  increase  in  our  knowledge  con- 
cerning the  effects  of  climate,  soil,  and  the  distribution  of 
land  upon  the  spread  of  different  species  of  plants  and 
the  nature  of  the  homes  in  which  we  find  them,  so  that  the 
science  of  botany  now  covers  a  wide  range  of  subjects  such 
as  were  little  dreamed  of  by  such  men  as  earnest  old  Gesner, 
10  sowed  the  first  seed  of  this  interesting  study  when  in 
;55t  he  laid  out  the  first  botanical  garden  (see  p.  67). 


Zoology. — In  zoology  the  advance  in  our  century  has 
been,  if  anything,  greater  than  in  botany.  The  work  done 
by  Cuvier  and  his  fellow-labourers  opened  the  way  for  a 
new  classification  of  animals,  founded  on  a  real  know- 
ledge of  their  structure ;  while  the  discoveries  which  have 
been  made  of  extinct  animals  has  he1[>ed  us  to  fill  many  a 
gap  and  explain  many  puz2ling  relationships. 

Zoology  possesses  an  entirely  new  interest,  as  already 
mentioned  (p.  442),  now  that  naturalists  are  inclined  to 
believe  that  all  animals  are  descended  from  a  few  simple 
forms,  and  are  therefore  more  or  less  distantly  related  to 

'  See  duplet  on  Bees  uid  Flowers  in  the  Author's  '  FBiiyUtid  of 
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each  other.  The  classifications  of  animals,  as  given  by  Owen 
and  Huxley  in  England,  and  Von  Baer,  Gegenbaur,  and 
Hacckel  in  Germany,  and  in  fact  by  all  zoologists  of  oar 
time,  is  formed  upon  this  conception,  and  so  classiGcation 
becomes  no  longer  a  mere  arrangement  for  convenience, 
but  a  real  statement  of  what  we  know  about  the  links 
which  bind  the  animal  creation  together.  But  in  order  to 
find  these  links  an  almost  incredible  amount  of  patient 
work  must  be  done.  It  is  not  enough  to  understand  merely 
the  prominent  characters  of  an  animal.  Its  minutest  struc- 
ture must  be  known,  for  those  parts  of  least  importance  in 
its  own  life  are  often  of  the  greatest  value  to  the  naturalist, 
because  they  are  the  remains  of  some  organ  which  was 
useful  to  a  remote  ancestor. 

It  is  to  such  work  as  this  that  men  in  our  day  are 
devoting  years  of  untiring  study ;  and  in  our  country  no 
name  can  rank  higher  in  this  respect  than  that  of  Pro- 
fessor W.  Kitchen  Parker,  who,  by  his  accurate  investigations 
in  embryology,  is  tracing  out  many  hidden  links  of  structure 
between  widely  separated  orders,  and  laying  the  basis  of  a 
true,  though  fragmentary,  genealogical  chart  of  the  vertebrate 
animals. 

Again,  the  microscope  is  enabling  us,  in  zoology,  as  in 
botany,  to  recognise  the  earUesl  beginnings  of  organs 
similar  to  our  own,  even  in  the  lower  invertebrate  animals, 
as,  for  example,  in  the  Medusas  or  jelly-fish,  in  which  Mr- 
Romanes  has  lately  discovered  traces  of  a  nervous  system, 
while  the  rudiments  of  eyes,  and  sacs  of  mineral  paiticlei 
forming  probably  a  rude  hearing  apparatus,  have  also  beea 
found  in  these  interesting  jelly-masses.  When  we  consider, 
therefore,  the  amount  of  minute  investigation  which  is  being 
made  into  the  structure  of  every  living  thing  in  our  days,  and 
the   hundreds  of  men  who  spend  their  bves  in  following 
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out  one  branch  or  another  of  the  animal  creation,  we  might 
almost  despair  of  ever  uniting  all  this  knowledge  into  one 
grand  system.  But  by  the  help  of  the  theory  of  relationship 
this  is  being  done,  and  the  study  of  comparative  anatomy 
and  physiology,  which  took  its  rise  in  John  Hunter,  is  begin- 
ning now  to  open  out  to  us  a  vast  scheme  of  creation,  in 
which  not  only  each  animal,  but  the  history  of  the  develop- 
ment of  the  species,  of  the  individual,  and  of  each  seiiarate 
organ,  will  find  its  place. 

Side  by  side  with  this  study  of  living  beings  has  grown 
up  the  study  of  Palaontology,  or  of  fossil  animals,  which 
Cuvier  brought  into  such  prominent  notice  in  iSis.  This 
study  shows  us  what  life  has  been  in  the  past,  and  year  by 
year  new  species  of  animals  ate  being  found,  which  help 
to  complete  the  links  between  different  living  forms.  This 
is  especially  the  case  in  America,  where  Dr.  Leidy,  Pro- 
fessor Cope,  and  Professor  Mareh,  have  brought  to  light 
an  immense  number  of  fossil  skeletons.  Some  of  these  help 
us  to  trace  the  gradual  development  of  animals — as  in  the 
case  of  the  horse,  whose  probable  ancestors  have  now  been 
found  among  the  fossils  of  the  Rocky  Mountains,  beginning 
with  a  little  creature  about  the  size  of  a  fox,  with  real  toes 
instead  of  a  hoo£  Others  again  are  curious  animals,  half 
reptiles,  half  birds,  and  some  of  these  are  so  enormous,  that 
it  is  difficult  to  imagine  how  they  can  have  walked  as  they 
did  upon  their  hind  feet  The  largest  of  these  monsters, 
TfViTMcxauruj  OTon/a/iuj',  found  by  Professor  MarshinColorado, 
must  have  measured  from  fifty  to  sixty  feet  in  length,  and 
have  been  at  least  thirty  feet  high  when  it  stood  upright 
It  lived  in  the  Cretaceous  period,  or  about  the  time  when 
all  the  chalk  of  our  North  and  South  Downs  was  being  formed 
in  the  depths  of  the  sea- 
It  is  easy  to  see  that  such  discoveries  as  tl.ese  make  us 
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take  a  much  grander  view  of  the  history  of  animals  and 
their  relationship  than  when  it  was  believed  that  those 
creatures  now  known  to  us  were  all  that  had  existed 
since  the  creation  of  the  world.  And,  again,  with  animals 
as  with  plants,  immense  advances  have  been  made  in 
our  knowledge  of  their  distribution  over  the  earth,  and 
how  they  have  reached  the  various  countries  in  which 
we  find  them.  In  this  study,  again,  fossil  forms  are  in- 
valuable, for  they  enable  us  to  learn  in  what  parts  of  the 
world  different  animals  have  hved  in  past  ages,  as,  for  ex- 
ample, in  the  case  of  the  horse,  which  was  formerly  believed 
to  have  been  always  confined  to  Europe,  until  it  was  taken 
to  America  by  Europeans,  whereas  we  now  learn  that  its 
ancestors  were  American,  and  must  have  migrated  to  Europe 
in  past  ages. 

Concluding  Remarks. — This  short  sketch  gives  but  a 
very  imperfect  glimpse  of  the  kind  of  work  which  is  being 
done  in  science  in  our  own  days.  Many  important  dis- 
coveries, such  as  those  in  electro-magnetism,  physiology,  and 
other  branches  of  science,  have  been  omitted  altogether, 
either  because  they  are  too  difficult,  or  are  not  yet  brought 
to  the  level  of  popular  science.  I  have  also  not  attempted 
to  group  those  subjects  which  have  been  dealt  with  around 
special  men,  as  in  former  chapters,  because  to  do  this  justly 
would  require  much  detailed  explanation.  The  worken 
are  hundreds,  where  in  the  seventeenth  century  they  might 
be  reckoned  by  units,  and  the  whole  scope  of  their  work 
yet  be  measured.  We  can  therefore,  in  conclusion, 
only  try  to  understand  the  tendency  of  the  science  of  our 
day  as  compared  with  that  of  earlier  centuries. 

The  work  of  the  sixteenth  century,  as  we  saw  (n  81), 
was  to  overcome  that  blind  worship  of  authority  which  had 
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sprung  up  during  the  Dark  Ages,  and  which  is  the  greatest 
enemy  to  true  knowledge. 

In  the  seventeenth  century  the  march  of  scientific 
discovery  began  with  Galileo,  and  advanced  slowly  but 
triuraphantiy  through  many  dangers  and  difficulties  till  it 
culminated  in  the  grand  generalisations  of  Newton.  This 
was  the  first  great  era  of  modem  science,  especially  of  astro- 
nomy and  physics,  though  biology  also  made  a  great  stride 
when  Harvey  demonstrated  the  circulation  of  the  blood. 

The  eighteenth  century  continued  the  same  work  of 
patient  inquiry,  completing  the  harmony  of  astronomy  by 
bringing  the  observed  movements  of  the  planets  under 
Newton's  law  of  gravitation;  founding  chemistry  upon  a 
firm  basis  of  careful  experiment ;  creating  the  sciences  of 
zoolt^  and  botany,  by  establishing  true  systems  of  classi- 
fication ;  discovering  the  hitherto  almost  unknown  force  of 
electricity ;  and  reading  in  the  crust  of  the  earth  the  history 
of  the  past  ages  of  our  planet 

And  so,  when  the  nineteenth  century  opened,  men  found 
themselves  with  an  immense  mass  of  known  facts  and 
careful  experiments,  which  had  been  accumulated  during 
the  last  two  centuries,  and  which  were  very  difficuU  to  deal 
with,  because  it  had  become  almost  impossible  for  any  single 
mind  to  grasp  them  all.  The  scientific  men  of  our  century 
have  therefore  become  divided  into  two  great  classes.  On  the 
one  hand  men  have  devoted  themselves  to  special  sciences, 
and  even  to  special  branches  of  a  science,  so  that  a  man  will 
often  spend  his  whole  life  in  the  study  of  one  department  of 
chemistry  or  physics,  or  in  investigating  one  little  group  of 
insects;  and  in  this  way  discoveries  of  great  value  have 
been  made. 

On  the  other  hand,  great  minds  among  us  have  taken  up 
ihe  separate  facts  collected  by  specialists,  and  have  woven 


I 


476 


NINETEENTH  CENTURY. 


PT.  111. 


the  whole  of  physical  science  into  one  grand  scheme.  Such 
men  as  Faraday,  Sir  W,  Grove,  Stokes,  Helmhollz,  Sir  W, 
Thomson,  and  Clerk- Maxwell,  together  with  many  others, 
have  done  their  part  in  this  work,  so  that  now  all  the  various 
physical  forces  have  been  shown  to  be  probably  phases  of  one 
great  force  appearing  under  many  forms.  For  the  future  no 
one  physical  force  can  be  studied  as  if  it  existed  by  itself 
alone,  for  each  is  shown  to  arise  out  of,  and  to  pass  into, 
others.  Heat,  electricity,  magnetism,  chemical  affinity, 
motion — all  are  related  to  each  other,  and  we  cannot  call 
any  one  of  them  the  ruler  over  the  rest,  Like  the  colours  on 
the  soai>-bubble,  they  each  take  their  turn  in  appearing  and 
disappearing,  according  to  the  conditions  under  which  they 
arise.  Their  relations  are  almost  infinitely  complex,  and 
ive  have  still  much  to  learn  about  them ;  but  the  grand  fed 
:hat  they  pass  the  CMie  into  the  other  has  been  demonstrated 
n  our  century;  and,  under  the  names  of  'the  consem- 
.ion  of  energy,'  and  '  the  correlation  of  the  physical  forces,' 
one  of  the  greatest  results  of  modem  science. 
The  same  tendency  may  be  seen  in  the  study  of  those 
sciences  which  relate  to  life.  Here  again  modern  investiga- 
tion links  together  the  scattered  observations  of  ages,  and 
unites  them  all  in  the  theory  of  '  evolution,'  or  the  gradual 
unfolding  of  nature ;  a  theory  which  has  been  worked  out 
in  all  its  details  by  Herbert  Spencer,  one  of  our  greatest 
living  thinkers.  In  astronomy,  indeed,  we  already  catch 
a  glimpse  of  this  law  in  the  probable  formation  of  the 
heavenly  bodies  out  of  gaseous  star-matter ;  and  in  the  oi^ 
ganic  world  we  find  it  even  more  firmly  held  by  sdentific 
men  in  the  belief  that  all  the  many  forms  of  plant  and 
animal  life  have  been  unfolded  out  of  a  few  simple  formi^ 
just  as  the  stem,  the  leaf,  and  the  tlower  are  evolved  out  of 
a  simple  seed. 
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Whether  this  theory  is  true  or  not,  it  must  be  the  work 
of  many  generations  to  prove ;  for  the  histoiy  of  science 
leaches  us  that  nothing  but  truth  can  stand  the  test  of  long 
investigation,  while  no  power  or  authority  can  resist  in  the 
end  that  which  is  true.  The  imperfect  theory  of  phlogiston 
did  its  work  in  gathering  together  many  scattered  facts  in 
chemistry,  and  then  died  a  natural  death  when  the  discovery 
of  oxygen  threw  more  light  upon  the  subject;  while  no 
authority  or  persecution  could  suppress  the  true  theory  that 
the  earth  moves  round  the  sun. 

It  is  of  great  importance  that  we  should  all  learn  this 
lesson,  lo  have  faith  in  the  invincible  power  of  truth ;  for  it 
would  almost  seem  as  If  all  the  experience  of  past  centuries 
had  hardly  yet  convinced  us.  We  still,  like  the  Aristotelians 
and  the  judges  of  the  Inquisition,  often  make  hasty  and 
ignorant  assertions,  and  try  rather  10  prop  up  by  authority 
that  which  we  believe,  than  to  inquire  earnestly  whether  it 
is  true.  Yet  every  page  in  the  history  of  Science  teaches 
the  contrary  lesson.  So  much  as  is  true  in  any  belief  will 
stand  btcaiiu  it  h  true ;  while  that  which  is  mistaken  will 
fade  away  before  earnest  and  impartial  examination.  Our 
part  is  lo  endeavour,  like  the  great  men  of  whom  we  have 
been  reading,  to  open  our  eyes  to  the  laws  which  surround 
us,  and  which  are  only  hidden  from  us  by  our  ignorance. 
And  from  whatever  source  we  derive  our  knowledge,  we 
must  remember  that  it  is  very  little  after  all,  and  be  ready 
at  all  times  to  examine  new  facts,  even  though  they  may 
seem  to  u!)set  some  of  our  favourite  opinions ;  for  unless 
we  are  so  foolish  as  to  think  we  know  everything,  it  is  cer- 
tain that  we  shall  often  find  that  we  have  been  mistaken. 

Those  who  labour  in  this  spirit  of  seeking  the  truth 
for  itself  will  find  their  reward  in  the  ever-increasing  delight 
they  will  feel  in  studying  God's  works,  and  in 
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which  they  will  meet  with  at  every  step,  that  nothing  can 
happen  except  under  the  guidance  of  His  laws.  Tme 
science,  like  true  religion,  leads  to  an  entire  and  childlike 
dependence  upon  the  Invisible  Ruler  of  the  universe.  It 
makes  us  eager  to  study  the  laws  of  the  universe,  that  we 
may  live  in  accordance  with  them,  and  diminish  some  of  the 
gross  ignorance  which  now  prevails  with  all  its  attendant 
evils ;  while  at  the  same  time  it  leads  even  the  most  in- 
structed to  feel  how  extremely  limited  our  knowledge  is,  and 
that  we  are,  after  all,  like  inexperienced  children,  dependent 
upon  the  love  and  power  of  our  Maker  to  bring  us  safel; 
out  of  darkness  into  light 
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